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Gentlemen:  —  In  accordance  with  the  provisions  of  section 
8  of  chapter  75  of  the  General  Laws,  I  transmit  to  you  here- 
with, for  the  use  of  the  General  Court,  the  annual  report  of 
the  Massachusetts  Agricultural  College  for  the  year  ending 
Nov.  30,  1921. 

Respectfully  yours, 

PAYSON  SMITH, 

Commissioner  of  Education. 
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Sir:  —  On  behalf  of  the  trustees  of  the  Massachusetts  Agri- 
cultural College  I  have  the  honor  to  transmit  herewith  Part  I 
of  the  fifty-ninth  annual  report  of  the  trustees,  for  the  fiscal 
year  ended  Nov.  30,  1921,  this  being  the  report  of  the  presi- 
dent of  the  college  and  other  officers  of  administration  to  the 
corporation. 

Respectfully  yours, 

EDWARD  M.  LEWIS, 

Acting  President.     . 
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EEPOET  OF  THE  PEESIDENT  OF  THE  COLLEGE. 


Gentlemen  of  the  Corporation. 

On  account  of  the  absence  of  President  Biitterfield  it  be- 
comes my  duty  to  present  to  you  the  annual  report  of  the 
President  of  the  Massachusetts  Agricultural  College  for  the 
year  ending  Nov.  30,  1921,  and  to  transmit  with  it  the  annual 
reports  of  other  administrative  officers  of  the  institution. 

REVIEW   OF   THE  YEAR. 
President  Butterfield's  Absence. 

In  July  President  Butterfield  was  invited  to  become  a  mem- 
ber of  a  commission  organized  by  the  Board  of  Foreign  Mis- 
sions of  North  America  to  study  the  educational  needs  of  China. 
The  commission,  composed  of  a  number  of  leading  educators 
of  America,  was  requested  to  spend  from  four  to  five  months 
in  making  a  comprehensive  study  of  the  educational  needs 
of  China  and  to  prepare  a  report  embodying  its  conclusions 
and  recommendations.  The  President,  whose  vision,  national 
leadership,  and  ability  as  an  investigator  have  long  been  recog- 
nized, was  asked  to  join  the  commission  as  a  specialist  in  in- 
dustrial and  agricultural  education.  Your  Board  granted  him 
a  leave  of  absence  for  six  months,  and  on  August  12  he  left 
Amherst  for  service  on  this  important  commission.  He  is  ex- 
pected to  return  in  February,  1922. 

Change  in  Trustees. 

The  term  of  Mr.  Edmund  Mortimer  as  trustee  of  the  College 
expired  Dec.  31,  1920.  Having  moved  to  another  State,  Mr. 
Mortimer  was  not  eligible  for  reappointment,  and  Governor 
Cox  chose  as  his  successor  Mr.  Atherton  Clark  of  Boston. 
Mr.  Clark  is  a  son  of  Ex-President  William  S.  Clark,  one  of 
the  early  and  most  distinguished  presidents  of  the  College. 
He  is  a  graduate  of  the  College  in  the  class  of  1877,  and  a 
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prominent  business  man  in  Boston.  He  has  been  an  active 
leader  among  the  alumni,  having  served  as  president  of  the 
Associate  Alumni  and  as  chairman  of  the  building  committee 
which  had  charge  of  the  financing  and  constructing  of  Me- 
morial Hall.  The  appointment  of  Mr.  Clark  was  not  only  most 
appropriate  but  also  most  acceptable  to  the  many  friends  and 
supporters  of  the  College. 

Resignations. 

During  the  year  there  have  been  seventeen  resignations  from 
the  professional  staff,  twentj^-one  from  the  clerical  and  secre- 
tarial staff,  and  three  from  other  salaried  positions.  Among 
these  resignations  are  those  of  Mr.  Charles  R.  Green,  librarian, 
and  Robert  J.  Sprague,  professor  of  economics  and  sociology. 

Mr.  Green  came  to  the  College  in  1908,  and  during  his  ad- 
ministration the  library  service  was  organized  on  a  high  plane 
of  efficiency.  The  total  number  of  books  was  increased  four- 
fold. The  second  floor  of  the  chapel  building  was  recently 
fitted  as  an  additional  reading  and  study  room,  and  has  proved 
to  be  an  important  addition  to  the  library  facilities.  The 
need  of  a  new  and  adequate  library  building  has  been  for  many 
years,  as  you  know,  very  pressing,  and  during  the  past  few 
years  the  demands  for  such  a  building  have  increased  tremen- 
dously. Partly  because  of  our  inability  to  secure  a  legislative 
appropriation  for  a  new  library,  and  partly  because  of  uncer- 
tainty relative  to  salary  adjustments  recommended  by  the 
trustees,  Mr.  Green  felt  that  it  would  be  the  part  of  wisdom 
for  him  to  accept  a  position  as  librarian  of  the  Jones  Library, 
Inc.,  of  Amherst.  He  gave  thirteen  years  of  excellent  service 
to  the  College  and  will  be  greatly  missed.  I  am  sure  he  carries 
to  his  new  position  the  best  wishes  of  his  many  friends  and 
colleagues  on  the  faculty. 

Prof.  Robert  J.  Sprague  was  head  of  the  Division  of  the 
Humanities,  and  had  served  the  institution  since  1911.  He 
organized  the  Department  of  Economics  and  Sociology,  and 
taught  practically  all  of  the  courses  in  that  important  field. 
In  1920-21  he  was  on  leave  of  absence  to  engage  in  educational 
work  at  Rollins  College,  Florida.  He  has  returned  to  that 
work  this  year.     Uncertainty  as  to  the  future  here  was  a  con- 
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tributing  cause  to  his  withdrawal  also.  Dr.  Sprague  was  a 
helpful  and  inspiring  teacher.  He  rendered  a  fine  service  and 
will  be  greatly  missed  by  both  his  colleagues  on  the  faculty 
and  by  the  students. 

New  Appointments  as  Department  Heads. 

Mr.  Henry  S.  Green  has  been  chosen  librarian  to  succeed 
Mr.  Charles  R.  Green.  Mr.  Green  is  a  graduate  of  Yale  Uni- 
versity. He  received  the  degree  of  LL.D.  in  1900  from  Bethany 
College;  has  had  a  long  and  successful  teaching  experience, 
both  at  Bethany  College  and  at  the  University  of  West  Vir- 
ginia; has  served  as  State  Librarian  of  West  Virginia,  and  for 
the  last  four  years  has  been  in  library  work  connected  with 
the  army. 

Enrollment  of  Students. 

In  the  Regular  Courses.  —  This  autumn  the  registration  of 
students  in  work  of  collegiate  grade  is  546,  an  increase  of  40 
over  1920.  The  entering  class  numbers  162  as  compared  with  135 
in  1920,  and  125  in  1919.  The  number  of  graduate  students 
is  somewhat  larger  as  is  also  the  number  enrolled  in  the  sopho- 
more class.  There  are  13  special  students  as  compared  with 
23  enrolled  a  year  ago.  In  the  four-year  course  there  are  472 
students  as  compared  with  445  enrolled  in  these  courses  in 
1920.  The  total  number  of  women  students  has  increased  from 
37  in  1920  to  48  in  1921;  15  of  these  entered  vAih.  the  fresh- 
man class. 

In  the  Two-year  Course.  —  There  is  a  slight  increase  in  the 
enrollment  of  students  in  the  two-year  course.  In  1920  the 
total  was  277,  and  in  1921  the  total  is  293.  It  is  gratifying  to 
note  that  there  are  nearly  as  many  students  enrolled  in  the 
second  year  of  the  two-year  course  as  entered  a  year  ago. 
There  are  55  students  enrolled  in  the  vocational  poultry  course 
and  unit  courses  as  compared  with  69  in  1920.  Of  the  total 
registration  of  348,  14  are  women. 

In  the  Summer  School  and  Other  Short  Courses.  —  The  Sum- 
mer School  of  1921  brought  to  the  College  as  large  a  number 
of  students  as  was  enrolled  in  1920,  the  Summer  School  regis- 
tration being  259.  The  Winter  School  enrollment  of  1920 
showed  a  substantial  reduction  over  that  of  1919. 
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Disabled  Soldiers  as  Students.  —  During  the  year  the  College 
has  continued  to  co-operate  with  the  Federal  Board  for  Voca- 
tional Education  (recently  taken  over  by  the  Veteran's  Bureau) 
in  the  training  of  a  large  number  of  disabled  soldiers  and  sailors 
desiring  education  in  agriculture.  At  the  close  of  the  College 
year  194  men  are  enrolled  at  the  College  under  provisions  of 
the  contract  with  the  government;  36  of  these  are  enrolled  in 
courses  especially  organized  for  the  Federal  Board  men,  and 
the  remainder  are  enrolled  in  existing  courses. 

Total  Enrollment.  —  The  total  enrollment  at  the  present  time 
is  894,  of  whom  546  are  enrolled  in  work  of  college  grade  and 
348  in  the  various  short  courses.  During  the  year  the  total 
number  of  students  registering  at  the  College  for  one  course  or 
another,  including  the  classes  graduated  in  June  from  the  four- 
year  and  two-year  courses,  has  been  approximately  1,500. 

Salary  Increases. 

Following  the  legislative  appropriation  for  salaries  made  in 
the  spring  of  1921  the  trustees  of  the  College  presented  a  sched- 
ule for  salary  increases  to  the  Supervisor  of  Administration. 
Some  of  these  were  in  the  nature  of  the  usual  normal  increases, 
and  some  were  in  order  to  remedy  inequalities  which  your 
Board  felt  had  inevitably  arisen  from  time  to  time  in  the  effort 
to  make  fair  adjustments  between  individuals.  Although  most 
of  them  were  readily  granted  in  toto,  there  was  a  number  of 
these  requested  increases  granted  only  in  part.  The  result  of 
the  latter,  in  my  judgment,  was  rather  unfortunate,  because 
the  inequalities  still  remain  with  us,  at  least  some  of  them. 
Due  to  the  inability  of  the  trustees  to  utilize  funds  available 
for  salary  increases,  I  am  obliged  to  report  that  a  substantial 
balance  remains  unexpended  at  the  end  of  this  fiscal  year. 

Relationships  with  Other  State  Departments. 

Because  of  the  seriousness  of  the  situation  and  its  potential 
danger  to  the  welfare  of  the  institution,  I  cannot  refrain  from 
calling  attention  again  to  the  restlessness  which  still  continues 
here,  owing  to  the  uncertainty  and  division  of  the  final  au- 
thority.    That  the  trustees  no  longer  control,  as  they  formerly 
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did,  or  manage  the  institution,  is  indeed  quite  evident.  Unless 
some  relief  can  be  found  from  the  present  arrangement,  unless 
a  definite  and  clear  one  replace  the  indefinite  and  divided  one 
of  the  present,  it  does  not  seem  possible  that  the  morale  of  the 
College  can  much  longer  be  maintained  on  its  former  high  level 
of  efficiency. 

Co-operation  of  Alumni. 

In  his  report  of  a  year  ago  President  Butterfield  referred  to 
the  fact  that  the  alumni  were  rallying  to  the  support  of  the 
College  as  never  before.  Further  evidences  of  this  fact  have 
accumulated  during  the  year.  Not  only  did  an  unusually  large 
number  of  alumni  return  for  the  semi-centennial  celebration  in 
June,  but  the  business  session  of  the  alumni  held  at  that  time 
was  in  many  ways  an  unmistakable  expression  of  the  new  and 
the  intense  interest  in  the  College  evidenced  by  the  alumni 
everywhere  to-day.  Thorough  and  comprehensive  reports  were 
received  from  the  alumni  committees  that  during  the  preceding 
months  had  been  considering  the  following  vital  questions: 
(a)  the  administrative  policy  and  relations  of  the  College;  (6) 
the  question  of  student  life  and  government;  and  (c)  the  ques- 
tion of  the  course  of  study.  The  committee  dealing  with  the 
latter  subject  made  only  a  partial  report.  During  the  summer 
and  fall  months  this  committee,  of  which  Mr.  H.  J.  Baker, 
1911,  is  chairman,  has  devoted  a  large  amount  of  time  in  the 
continuation  of  their  inquiry  among  alumni  and  others  who 
are  in  a  position  to  make  valuable  contributions  to  this  study. 
The  final  report  of  this  committee  has  not  yet  been  submitted. 

War  History. 

Just  prior  to  the  June  Commencement  there  was  published 
the  history  of  the  "Massachusetts  Agricultural  College  in  the 
War,"  the  records  for  which  had  been  compiled  by  the  secre- 
tary of  the  College  with  much  labor  and  care.  The  many  let- 
ters of  appreciation  and  commendation  of  this  history  indicate 
that  the  time  and  expense  involved  in  its  publication  were 
amply  justified. 
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Change  in  the  College  Catalogue. 

I  wish  here  to  call  your  attention  to  a  change  in  the  pub- 
lication of  the  College  catalogue  for  this  year  and  the  reasons 
therefor. 

The  College  catalogue  is  desired  largely  by  three  distinct 
groups  of  readers:  first,  it  is  desired  by  resident  students  who 
are  interested  primarily  in  the  detailed  character  of  the  courses 
of  study;  second,  by  prospective  students  and  parents  who 
are  especially  interested  in  the  entrance  requirements,  subjects 
offered,  and  information  concerning  expenses,  living  accommo- 
dations, and  questions  relating  to  other  phases  of  student  life; 
third,  by  individuals  and  institutions  that  desire  a  complete 
record  in  permanent  form  of  the  organizations  of  the  College 
and  the  complete  list  of  courses  offered  each  year. 

Formerly  an  edition  of  from  6,000  to  8,000  copies  of  the 
complete  catalogue  has  been  issued  and  has  been  sent  to  all 
groups  alike.  Believing  that  two  of  the  groups  could  be  better 
served  otherwise,  without  increasing  the  total  expense  of  pub- 
lication, the  following  modifications  will  take  the  place  of  the 
single  complete  edition  of  the  catalogue. 

A  relatively  small  edition  of  the  complete  catalogue  of  1921-22 
will  be  published;  this  will  be  distributed  to  members  of  the 
faculty,  to  high  schools,  to  other  colleges  and  universities,  and 
to  any  other  individual  or  institution  whose  requests  can  be 
most  satisfactorily  met  by  a  complete  catalogue.  A  detailed 
description  of  the  courses  will  be  printed  separately;  this  will  be 
for  distribution  among  the  students.  For  distribution  among 
prospective  students  and  others  inquiring  about  the  educational 
advantages  of  the  College,  an  abridged  and  illustrated  catalogue 
will  be  published;  this  will  contain  certain  material  printed  in 
the  catalogue,  such  as  the  requirements  for  admission,  outline  of 
the  course  of  study  and  general  information  concerning  ex- 
penses. The  pamphlet  will  be  illustrated  by  interesting  views 
of  the  College  buildings  and  campus,  and  the  text  will  contain 
further  information  designed  to  advise  prospective  students 
more  fully  than  does  the  usual  catalogue,  concerning  the  edu- 
cational advantages  and  student  life  at  the  College. 
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Student  Labor. 

In  1915  the  faculty  committee  on  employment,  consisting  of 
Professor  Sears,  Professor  Haskell  and  Treasurer  Kenney  di- 
rected its  attention  to  developing  a  system  whereby,  through 
interviewing  applicants  for  student  labor  and  making  inquiries 
of  their  parents  and  others  concerning  their  financial  condition, 
a  fairly  intelligent  estimate  might  be  gained  as  to  the  men  who 
should  be  given  consideration  in  the  assignment  of  work  at  the 
dining  hall  and  elsewhere  on  the  campus.  Prior  to  this  time 
there  had  been  no  method  devised  for  the  satisfactory  distribu- 
tion of  positions,  and  frequently  students  were  given  lucrative 
employment  who  did  not  greatly  need  such  assistance.  At  the 
same  time  a  number  of  needy  and  deserving  students  were 
making  great  sacrifices,  and,  indeed,  undergoing  privations  in 
order  to  remain  in  College.  It  not  infrequently  happened  that 
a  student  of  this  type  was  obliged  to  leave  College  because  of 
his  inability  to  secure  the  labor  which  would  have  made  it  pos- 
sible for  him  to  continue. 

The  work  of  this  committee  has  progressed  from  year  to 
year;  the  task  of  interviewing  fifty  or  sixty  men  each  year  and 
classifying  them  is  in  many  ways  a  burdensome  one.  On  the 
other  hand,  the  results  obtained  seem  fully  to  justify  this  nec- 
essary expenditure  of  valuable  time.  The  secretary  of  the 
committee  has  made  an  analysis  of  the  amounts  earned  by 
students  during  the  last  College  year,  and  a  summary  of  this 
study  is  here  given:  — 


Student  Labor, 

September,  1920, 

to  June,  1921. 

Number  of 
Students. 

Amount  earned. 

Less  than  $50     .......... 

210 
23 
22 
30 
49 
75 
11 

24 
8 
7 
3 
4 
2 

$2,560  14 

$323  78 

427  73 

Sophomores 

Freshmen 

326  04 
457  35 

Two  year         .......... 

858  91 

166  33 

$50  to  $100 

1,750  02 

$576  02 

Juniors    ........... 

486  49 

Sophomores 

Freshmen 

255  15 
315  67 

116  69 
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Student  Labor,  September,  1920,  to  June, 

1921 

—  Concluded. 

Number  of 
Students. 

Amount  earned. 

$100  to  $200       

Seniors . 

Juniors 

Sophomores 

Freshtnen 

Two  year 

Miscellaneous 

9 

7 

16 

5 

2 
2 

41 

$6,219  09 

$1,250  45 

1,120  97 

2,538  09 

723  50 

286  05 

300  03 

Over  $200 

Seniors 

Juniors 

Sophomores 

Freshmen 

Two  year 

Miscellaneous 

Total 

23 

24 

8 

1 

7 
2 

65 
340 

17,646  83 

36,327  92 

6,697  91 

2,018  26 

239  46 

1,850  04 

513  24 

28,176  08 

Legislative  Appropriations,  1921. 

The  trustees  asked  for  special  appropriations  in  the  budget 
of  the  year  for  several  items,  including  a  chemistr}-  building. 
An  appropriation  for  this  building  was  favored  by  the  Super- 
visor of  Administration,  the  joint  committee  on  ways  and 
means,  and  the  House  of  Representatives.  The  Senate,  how- 
ever, voted  to  eliminate  this  from  the  budget.  The  only  special 
appropriations  granted,  therefore,  were  $25,000  for  improve- 
ments and  equipment  and  .$10,000  for  the  administration  build- 
ing at  the  Market-Garden  Field  Station.  For  details  of  the 
budget,  I  would  call  your  attention  to  the  budget  on  page  74. 

On  account  of  our  failure  to  get  the  special  appropriations 
requested,  and  also  on  account  of  the  sum  allowed  for  improve- 
ments and  new  equipment,  the  building  operations  during  the 
year  have  been  on  a  minimum  basis.  The  principal  improve- 
ment was  a  small  addition  to  the  barn  for  the  housing  of 
live  stock.  The  administration  building  at  the  Market-Garden 
Field  Station  has  been  completed. 


Memorial  Hall. 

Formal  recognition  should  here  be  made  of  the  gift  to  the 
College  of  the  beautiful  Memorial  Hall  erected  by  the  students, 
alumni,  faculty  and  friends  of  the  College,  which  was  completed 
and  dedicated  in  June.  The  building  has  been  transferred  to 
the  trustees  by  the  following  deed   of  gift:  — 
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This  indenture,  made  this  day  of  nineteen 

hundred  and  twenty-one,  between  the  Associate  Ahimni  of  the  Massa- 
chusetts Agricultural  College,  a  corporation  duly  organized  (hereinafter 
called  "the  donor"),  and  the  Commonwealth  of  Massachuse>;ts,  by 

trustees  of  the  State  institution,  the  Massachusetts  Agricultural  College, 
acting  under  and  by  virtue  of  chapter  262  of  the  General  Acts  of  1918 
(heremafter  called  "the  board  of  trustees"),  Witnesseth: 

In  consideration  of  the  high  regard  and  feeUngs  of  gratitude  which  the 
members  of  the  said  corporation  bear  towards  said  College,  and  as  a 
memorial  to  the  graduates  and  students  of  the  College  who  gave  their 
lives  in  the  struggle  for  democracy  in  the  World  War,  and  in  further 
consideration  of  one  dollar  and  other  valuable  considerations  paid  by 
the  board  of  trustees,  the  receipt  whereof  is  hereby  acknowledged,  the 
donor  does  herebj^  give,  grant,  bargain,  sell  and  convey  unto  the  said 
board  of  trustees,  its  successors  and  assigns,  a  certain  memorial  building 
on  the  land  of  the  Massachusetts  Agricultural  College  situated  in  Amherst, 
in  the  county  of  Hampshire  and  Commonwealth  of  Massachusetts.  The 
said  building  to  be  donated  complete  and  free  from  all  encumbrances. 

This  indenture  is  made  upon  the  following  terms  and  conditions :  That 
the  board  of  trustees  will  accept  and  maintain  the  said  memorial  building 
in  a  proper  and  usable  condition  for  student  activities,  subject  to  the 
rules  and  regulations  of  said  board,  as  provided  for  in  the  agreement 
between  the  donor  and  said  board  of  trustees  appearing  in  the  records 
of  the  donor  June  19,  1920,  and  in  the  records  of  said  board  of  trustees, 
Januarj'-  7,  1921,  creating  the  Board  of  Management  of  Memorial  Hall, 
and  will  insure  and  keep  insured  the  said  memorial  building  from  loss 
or  damage  by  fire. 

To  have  and  to  hold  the  granted  building,  with  all  the  privileges  and 
appurtenances  thereto  belonging,  to  the  said  Commonwealth  of  Massa- 
chusetts, its  successors  and  assigns,  to  their  own  use  and  behoof  forever. 

In  loitness  whereof,  the  parties  to  this  indenture  have  hereunto  set 
their  hands  and  seals,  the  Commonwealth  by  the  Trustees  of  the  Massa- 
chusetts Agricultural  College,  who  incur  no  personal  liability  by  reason 
of  the  execution  hereof  or  anj^hing  herein  contained,  except  as  herein- 
above set  out,  this  day  of  ,  nineteen 
hundred  and  twenty-one. 

THE   ASSOCIATE  ALUMNI  OF   THE 
MASSACHUSETTS   AGRICULTURAL   COLLEGE. 

By 

THE   COMMONWEALTH   OF   MASSACHUSETTS. 
By 


Trustees  of  the  Massachusetts  Agricidtural  College. 
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Departments  of  Undergraduate  Instruction. 

Although  still  somewhat  handicapped  by  the  unsettled  con- 
ditions incident  to  the  necessary  reconstruction  due  to  the  war, 
I  am  glad  to  say  that  a  reasonable  degree  of  stability  has  been 
reached  in  all  departments  of  the  institution.  On  the  other 
hand,  practically  every  department  is  suffering  from  the  loss 
of  valuable  and  experienced  teachers  who  have,  during  the  past 
three  years,  resigned  to  accept  more  attractive  positions  else- 
where. Some  positions  long  vacant  have  been  filled  during 
the  year.  In  general,  it  may  be  said  that  the  large  numbers 
of  two-year  students  have  resulted  in  the  further  crowding  of 
quarters,  in  many  cases  already  insufficient  for  four-year  men. 
Many  departments  are  also  handicapped  by  limited  equipment 
and  by  inadequately  trained  teachers. 

All  expansion  in  personnel  during  the  past  two  years  has 
been  limited  to  the  addition  of  a  few  instructors  in  the  Divi- 
sions of  Agriculture  and  Horticulture. 

Library. 

Little  can  be  said  concerning  the  work  of  the  library  for  the 
past  year  other  than  has  been  reported  in  former  years.  The 
fitting  up  of  the  second  floor  of  the  library  building  for.  reading 
room  purposes  has  added  somewhat  to  the  facilities  for  study 
at  the  library.  The  library,  however,  is  still  most  inadequate 
and  unsatisfactory  from  the  standpoint  of  economy  in  operation 
and  its  use  as  an  educational  center  for  the  entire  student  body. 
Students  and  faculty  alike  feel  very  keenly  the  inadequacy  of 
these  facilities,  and  realize  the  hopelessness  of  securing  satisfac- 
tory results  from  the  library  so  long  as  existing  conditions 
continue. 

Infirmary. 

Dr.  Marshall,  who  has  general  charge  of  the  infirmary,  calls 
attention  to  the  additional  problems  confronting  the  institution 
with  respect  to  proper  accommodations  for  the  sick  because  of 
the  large  number  of  students  which  we  now  have,  and  also  be- 
cause of  the  fact  that  women  are  attending  the  College  in 
larger  numbers  than  formerly.  A  suitable  infirmary  which  will 
provide  accommodations  for  both  men  and  women  students 
seems  imperative. 
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Department  of  Physical  Education. 

The  work  of  the  Department  of  Physical  Education  has  con- 
tinued along  the  lines  already  established.  The  department  is 
now  well  equipped  with  respect  to  instructors,  but  because  we 
have  no  gymnasium  no  indoor  work  in  physical  education  can 
be  undertaken  other  than  that  made  possible  by  basketball. 

Department  of  Military  Science  and  Tactics. 

The  introduction  of  the  cavalry  unit  for  the  R.  O.  T.  C, 
seems  to  have  been  a  wise  and  helpful  move.  While  military 
drill  at  this  institution  cannot  now  be  said  to  be  popular  with 
the  students,  it  is  less  objectionable  than  during  the  past  year 
or  two.  The  number  of  men  electing  the  advanced  work  in 
military  drill  is  small.  This  number  is  likely  to  increase,  how- 
ever, as  the  natural  prejudice  against  military  training  now 
shared  by  the  country  at  large  wears  away  and  the  advantages 
of  the  instruction  becomes  clearer  to  our  students. 

During  the  year  Col.  Richard  W.  Walker,  who  for  two  years 
had  been  the  Commandant  in  charge  of  our  military  instruction, 
was  transferred  to  another  post,  and  his  position  here  has  been 
filled  by  Maj.  Frederick  E.  Shnyder.  Associated  with  Maj. 
Shnyder  are  Maj.  Herman  Kobbe,  Capt.  Thomas  Brady  and 
Capt.  James  V.  V.  Shufelt. 

Semi-Centennial  and  Commencement. 

The  celebration  of  the  Semi-Centennial  of  the  College  ex- 
tended from  July,  1920,  until  June,  1921.  The  following 
"Year  of  Jubilee"  meetings  were  held  at  the  College  on  the 
dates  specified:  — 

June  30- July  2,  1920.    Association  of  Agricultural  College  Editors. 
Oct.      7-8,1920.    Conference  of  Women  in  Agriculture  and  Country  Life. 
Oct.  14-16,  1920.    American    Civic    Association.  —  Country    Planning 

Conference. 
Oct.        15,  1920.    American  Country  Life  Association. 
Oct.       22,  1920.    Association  of  Land  Grant  Colleges. 
■Oct.        30,  1920.     Luncheon  to  Ex-President  James  C.  Greenough. 
April  8-10,  1921.     International   Association    of  Agricultural  Missions. 
Maj-       15,  1921.    Rural  Clergymen's  Conference. 
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The  final  and  crowning  event  of  the  "Year  of  Jubilee,"  of 
course,  was  the  Commencement  in  June.  The  programs  of 
the  various  events  of  Commencement  are  here  given:  — 

GENERAL  PROGRAM,  JUNE   10  TO   14,  1921. 
Friday,  June  10,  Citizens'  Day. 

10.00  a.m.    Alumni  Field:  Faculty-Senior  baseball  game. 

3.00  P.M.  Auditorium  Tent:  Addresses  by  Governor  Chanking  H. 
Cox,  Dr.  Arthur  W.  Gilbert,  Massachusetts  Commis- 
sioner of  Agriculture,  and  Hon,  Henry  C.  Wallace, 
Federal  Secretary  of  Agriculture. 

6.45  P.M.    Steps  of  Stockbridge  Hall:  Interclass  sing. 

8.00  p.m.  Bowker  Auditorium:  Dramatics  —  First  performance  of 
"John  Epps,"  a  historical  plaj^  of  M.  A.  C.  in  the  days  of 
'71,  written  by  Frank  Prentice  Rand  of  the  English 
Department. 

Saturday,  June  11,  Alumni  Day. 

Memorial  Hall :  Meeting  of  Associate  Alumni  —  Address  by 
President  Butterfield  to  the  alumni ;  report  of  memorial 
buUding  committee;  general  business. 

Auditorium  Tent:  Alumni  dinner. 

Alumni  parade  and  frolic. 

Alumni  Field:  Baseball  game,  M.  A.  C.  v.  Amherst. 

Green  in  front  of  South  College:  Lawn  fete  and  concert  by 
104th  Regiment  Band. 

Fraternity  reunions. 

Sunday,  June  12,  Dedication  Day. 

Auditorium    Tent:     Semi-Centennial  Address    and   Bacca- 
laureate by  President  Butterfield. 
Memorial  Hall:   Dedication  of  Memorial  Hall. 
Rhododendron  Garden :  Reception  by  President  and  trustees. 

Monday,  June  13,  Anniversary  Day. 

8.30  A.M.    Dining  Hall:    Breakfast  for  alumni  "M"  men,  and  former 

leaders  in  non-athletics. 
10.30  A.M.     Senior  fence:  Senior  Class  Day  exercises. 
1.30  P.M.     Junior  frolic. 
2.30  P.M.    Auditorium  Tent:    Anniversary  meeting,  alumni,  students 

and  faculty  participating. 
4.30  p.m.     Alumni  Field:  Freshman-Sophomore  baseball  game. 
8.00  P.M.     Bowker  Auditorium:    Dramatics — -second  performance  of 

"John  Epps." 
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Tuesday,  June  14,  Commencement  Day. 

10.30  a.m.  Auditorium  Tent:  Commencement  exercises  —  Speakers: 
Mr.  E.  E.  Thompson,  71,  secretary  of  the  class;  President 
WiNTHROP  E.  Stone,  '82,  of  Purdue  University;  Mr. 
J.  H.  Putnam,  '94,  County  Agent  for  Franklin  County, 
Massachusetts;  and  Dr.  Payson  Smith,  Commissioner  of 
Education  for  Massachusetts. 
8.00  p.m.     Memorial  Hall:  Sophomore-Senior  hop. 

PROGRAM  FOR   CITIZENS'   DAY,  JUNE   10. 

Hon.  Charles  A.  Gleason,  Vice-President  and  Chairman, 
Board  of  Trustees,  presiding. 


Music. 
Address. 

Music. 
Address. 


Music. 
Address. 


Music. 


His  Excellency  Governor  Channing  H.  Cox.' 


Dr.  Arthur  W.  Gilbert  of  the  Class  of  1904, 
State  Commissioner  of  Agriculture. 


Hon.  Henry  C.  Wallace, 
Secretary  of  Agriculture. 


Music  for  this  occasion  furnished  by  the  Sophomore  Quintet,  composed 
of  — 
Robert  D.  Fuller  (Leader)     .       .       .       .       .       .       .  Clarinet. 


Donald  G.  Nowers  . 

Harry  C.  Norcross  . 
Fred  G.  Sears,  Jr. 

Richard  G.  Wendell  . 


'Cello. 
Violin. 
Violin. 
Piano. 


PROGRAM  FOR  BACCALAUREATE  SUNDAY,  JUNE  12. 

Prelude  and  Processional. 
Hymn:  "Faith  of  Our  Fathers." 
Scripture  Reading  and  Prayer. 

Mr.  Charles  H.  White  of  the  Class  of  1909. 
Music. 

Semi-Centennial  Address  and  Baccalaureate:    "Our  College   and   the 
Common  Weal." 

President  Kenyon  L.  Butterfield. 
Hymn :  ' '  America,  the  Beautiful . ' ' 
Recessional  and  Postlude. 


Music  for  this  occasion  furnished  by  the  Sophomore  Quintet.. 


22  AGRICULTURAL  COLLEGE.  [Feb. 

PROGRAM  FOR   DEDICATION   OF   MEMORIAL  HALL,  JUNE   12. 

President  Kenyon  L.  BuTTERFrELD,  presiding. 
Music. 
Address. 

Maj.-Gen.  William  M.  Wright,  U.  S.  A. 
(Read  by  Dr.  J.  B.  Lindsey  of  the  class  of  1883.) 
Music. 
Address. 

Dr.  Joel  E.  Goldthwatt  of  the  Class  of  1885. 
Dedication  Address. 

Dean  Edward  M.  Lewis. 
Music. 
Presentation  of  the  Building  to  the  College. 

Mr.  Evan  F.  Richardson  of  the  Class  of  1887, 
President  of  the  Associate  Alumni. 

Acceptance  of  the  Building  in  Behalf  of  the  Trustees. 

Mr.  William  Wheeler  of  the  Class  of  1871. 
Hymn:  "America." 


Music  for  this  occasion  furnished  by  the  Sophomo^'e  Quintet. 


PROGRAM   FOR   ANNIVERSARY  DAY,  JUNE   13. 

Herbert  J.  Baker  of  the  Class  of  1911,  Presiding. 
Music. 

College  Orchestra. 
Songs. 

Led  by  Glee  Club. 

Educational  Development  of  M.  A.  C.  in  Fifty  Years. 

Prof.  Frank  A.  Waugh,  Head  of  Division  of  Horticulture; 

Chairman,  Committee  on  Semi -Centennial. 

Development  of  Student  Life  of  M.  A.  C.  in  Fifty  Years. 

Mr.  Nathan  W.  Gillette  of  the  Class  of  1921. 

Song. 

Glee  Club  Quartette. 

Fifty  Years  of  Athletics. 

Mr.  Willard  A.  Munson  of  the  Class  of  1905. 
Song. 

Glee  Club. 
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Work  of  Alumni  at  M.  A.  C.  in  Fiftj^-  Years'  Development. 

Mr.  Allister  F.  MacDougall  of  the  Class  of  1913,  Extension 
Professor  of  Farm  Management. 

M.  A.  C.  —  The  College  of  the  Future. 

President  Kenyon  L.  Buttekfield. 

"Sons  of  Old  Massachusetts." 

PROGRAM   FOR   COMMENCEMENT   EXERCISES,  JUNE   14. 

Music. 
Prayer. 

Rev.  Herbert  J.  White  of  the  Class  of  1887. 

1871-1921. 

Responses : 

For  the  Commonwealth  —  Dr.  Payson  Saiith,  Commissioner  of  Edu- 
cation. 

For  the  Land  Grant  Colleges  of  the  United  States  —  Dr.  Winthrop 
E.  Stone  of  the  Class  of  1882,  President  of  Purdue  University, 
Lafaj^ette,  Ind. 

For  the  Farmers  of  Massachusetts  —  Mr.  Joseph  H.  Putnam  of  the 
Class  of  1894,  Agricultural  Agent  for  Franklin  County. 

For  the  Class  of  1871  —  Mr.  Edgar  E.  Thompson,  Secretary  of  the 
Class. 

Music. 

Conferring  of  Degrees. 

President  Kenyon  L.  Butterfield. 

Presentation  of  Diplomas. 

Dr.  Payson  Smith, 
Commissioner  of  Education. 

Announcement  of  Prizes  and  Awards. 

Music. 


Music  for  this  occasion  furnished  by  the  Sophomore  Quintet. 

It  should  be  noted  that  this  was  essentially  an  M.  A.  C. 
celebration.  With  one  exception  all  the  addresses  were  made 
by  M.  A.  C.  men.  The  music  for  the  various  programs  was 
furnished  by  the  students  of  the  College.  Approximately  eight 
hundred  alumni  and  former  students  returned  for  this  Old 
Home  Reunion.     This  is  by  far  the  largest  number  of  M.  A.  C. 
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alumni  and  former  students  ever  gathered  together  at  one  time. 
The  dedication  of  the  Memorial  Hall  constituted  the  principal 
feature  of  the  program.  All  the  meetings  and  functions  were 
well  attended,  and  the  prevailing  opinion  was  that  the  fiftieth 
anniversary  of  the  graduation  of  the  first  class  of  the  College, 
as  well  as  the  half  century  of  service  by  the  institution  in  the 
interest  of  agriculture  and  rural  life  in  the  State  and  Nation, 
was  fittingly  and  appropriately  observed. 

On  Commencement  Day  the  degree  of  Bachelor  of  Science 
was  conferred  upon  ninety- two  men  and  three  women;  the  de- 
gree of  Master  of  Science  upon  three  men;  and  the  degree  of 
Doctor  of  Philosophy  upon  one  man. 

The  Market- Garden  Field  Station. 

An  increased  interest  in  the  work  of  the  Market-Garden  Field 
Station,  noted  by  more  visits  from  market  gardeners  than  in 
1920;  600  people  in  attendance  at  the  annual  Field  Day  on 
August  3,  and  a  continuous  series  of  requests  from  various  sec- 
tions of  the  State  and  other  States  as  to  the  progress  of  the 
work,  all  give  reason  to  believe  that  real  service  is  being  ren- 
dered to  vegetable-growing  interests. 

The  interest  and  co-operation  on  the  part  of  the  county  agents 
throughout  the  State  has  been  exceedingly  gratifying  and  help- 
ful in  extending  the  work  of  the  Market-Garden  Field  Station. 

Projects  under  way  were  indicated  in  the  last  report  to  the 
President.     To  these  can  be  added:  — 

1.  A  special  study  of  the  new  annual  sweet  clover  known  as 
"Hubam,"  to  learn  its  value  as  a  soil  improvement  crop  for 
the  market  vegetable  grower. 

2.  The  study  being  made  of  Washington  asparagus,  accepted 
as  the  best  variety  known.  , 

The  work  of  vegetable  seed  production  to  stress  the  oppor- 
tunity and  prove  the  value  of  home-grown  seed  has  been  of 
particular  interest  and  value. 

The  Administration  Building,  for  which  an  appropriation  was 
made  by  the  Legislature  of  1921,  has  been  completed.  The 
completion  of  this  building  finishes  the  original  program  for 
construction  as  drafted  in  1915.  No  major  construction  is  con- 
templated for  the  future. 
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A  request  has  been  made  for  a  vegetable  storage  building  to 
cost  about  $2,000,  and  for  fencing  to  cost  about  the  same 
amount.  The  latter  is  most  pressing,  for  trespassing  renders 
some  of  the  experimental  work  of  little  value. 

Splendid  co-operation  has  been  received  from  various  depart- 
ments of  the  College.  Work  along  insect  control  lines  has  been 
badly  handicapped  due  to  lack  of  funds.  The  work  of  plant 
disease  control  investigation  has  made  good  progress. 

The  best  progress  of  the  work  awaits  needed  assistance  in 
both  the  experimental  and  extension  fields. 


The  Mount  Toby  Demonstration  Forest. 

The  Mount  Toby  Demonstration  Forest  was  acquired  to 
serve  as  a  laboratory  for  the  field  w^ork  of  forestry  students  in 
the  College,  and  to  exemplify,  for  all  who  might  be  interested, 
the  various  practices  of  forestry. 

The  forest  is  most  admirably  suited  to  its  purpose.  Owing 
to  marked  variations  in  soil,  exposure,  and  elevation,  it  con- 
tains within  its  750  acres  a  wide  representation  of  common  New 
England  forest  types,  —  white  pine,  hemlock,  hardwoods,  and 
varying  mixtures  of  these.  And  owing  to  its  very  favorable 
location  with  respect  to  markets,  its  products  can  be  disposed 
of  in  large  or  small  quantities  down  to  the  last  limb.  Further- 
jnore,  the  commanding  view  from  the  mountain  top  and  the 
unspoiled  attractiveness  of  the  countryside  around  have  made 
Mount  Toby  for  many  years  a  pleasure  ground  for  outrof-door 
people,  who  are  thus  brought  within  reach  of  its  forestry  les- 
sons; and  the  steel  fire  lookout  tower  soon  to  be  set  up  on  the 
summit  will  bring  it  still  closer  to  the  public. 

The  Forestry  Department  of  the  College,  in  taking  charge  of 
the  forest,  was  faced  at  the  outset  with  the  heavy  damage 
caused  by  the  chestnut  blight,  and  this  damage  has  been  until 
a  few  months  ago  the  dominant  and  determining  factor  in  the 
management.  The  forest  contained  not  only  several  fine  blocks 
of  pure  chestnut,  but  a  great  many  scattered  specimens  in  mix- 
ture with  other  species;  and  all  were  doomed  by  the  disease, 
for  which  no  remedy  has  anywhere  been  found.  Year  after  year 
all  available  funds  have  had  to  be  concentrated  on  salvaging 
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dying  chestnut,  in  the  form  of  telephone  poles,  ties,  fence-posts, 
lumber,  and  cordwood. 

The  past  year  has  seen  practically  the  last  of  the  chestnut 
removed.  During  the  year  (1921)  there  have  been  cut  over 
700  telephone  poles,  35,000  feet  of  chestnut  plank,  and  corre- 
sponding quantities  of  smaller  chestnut  products.  With  these 
out  of  the  way  it  has  been  possible  for  the  first  time  to  turn  to 
forestry'  in  the  ordinarily  accepted  sense  of  the  word,  and  to 
accomplish  some  tasks  that  had  long  been  awaiting  their  turn. 

The  first  of  these  tasks  was  a  cutting  in  the  pine  belt  at  the 
foot  of  the  mountain,  which  removed  all  pines  that  were  dying 
or  just  dead  through  competition  with  more  vigorous  neighbor- 
ing pines.  This  operation,  without  reducing  the  growing  stock, 
yielded  100,000  board  feet  at  a  clear  profit  of  $6  per  thousand ,^ 
together  with  50  cords  of  limbwood  at  a  clear  profit  of  25  cents- 
a  cord.  The  second  of  these  jobs  was  the  clearing  of  gray  birch 
from  a  12-acre  area,  to  release  a  fine  undergrowth  of  pine  that 
would  otherwise  have  died  out.  The  yield  was  about  100  cords 
of  wood  at  a  net  return  of  around  50  cents  a  cord;  and  there 
was  left  a  splendid  young  stand  of  pine  freed  for  vigorous 
growth.  Similar  release  cuttings  have  been  applied  to  10  other 
scattered  acres  that  were  in  like  need,  with  similar  promise  of 
pure  pine  stands  where  there  would  otherwise  have  been  only 
a  short-lived  growth  of  inferior  hardwood;  also  a  block  of  young 
pine  has  been  thinned  and  pruned.  These  cuttings  are  of  just 
the  sort  that  should  be  carried  out  in  woodlots  throughout  the 
State,  and  that  seldom  are.  The  costs,  returns,  and  methods 
are  accurately  known  and  recorded,  and  the  results  are  plainly 
to  be  seen.  Thus  a  definite  step  has  been  taken  toward  making 
the  forest  a  demonstration  area  of  immediate  practical  value. 

In  addition  to  the  cuttings  just  described,  considerable  work 
has  been  done  in  road  maintenance  and  fire  protection.  The 
interior  roads  have  been  improved  by  the  blasting  of  ledges, 
by  grading  and  filling  with  gravel,  and  by  the  building  of  cul- 
vei-ts  and  six  substantial  bridges  at  brook  crossings.  A  50-foot 
strip  each  side  of  the  main  interior  roads  has  been  cleared  of 
inflammable  material,  and  a  6-foot  strip  has  been  similarly 
cleared  around  the  entire  bounds  of  the  property,  to  make  it 
easier  to  keep  fire  out. 
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It  will  probably  take  a  year  more  to  put  the  forest  in  first- 
class  condition.  The  several  miles  of  interior  roads  must  be 
cleared  and  drained;  the  shattered  down  timber  must  be  sal- 
vaged where  possible  or  lopped  in  the  tops  so  that  it  may  soon 
decay;  old  accumulations  of  slash  must  be  burned;  overdense 
stands  must  be  thinned,  weed-trees  removed,  and  open  places 
planted  up;  old  fire  lines  must  be  widened,  and  new  ones  con- 
structed, with  boxes  of  fire-fighting  tools  placed  at  strategic 
points;  and  the  whole  property  must  be  carefully  remapped, 
estimated,  and  divided  into  clearly  marked  areal  units  for  pur- 
poses of  administration  and  record  keeping. 

With  these  preliminaries  attended  to,  the  main  work  on  the 
forest  will  be  devoted  first  to  the  gradual  replacement  of  in- 
ferior species  with  more  desirable  ones,  and  then  to  the  cutting 
year  by  year  of  just  so  much  as  can  be  taken  without  diminish- 
ing the  total  productivity,  each  harvest  to  be  so  managed  that 
a  satisfactory  new  crop  shall  succeed  the  old.  This  work  may 
be  conducted  in  such  a  way  as  to  produce  not  only  an  annual 
cut  of  lumber,  but  an  annual  yield  of  scientific  and  practical 
knowledge  gained  from  careful  experiments  in  the  introduction 
of  new  species  and  in  the  application  of  varying  methods  of 
planting,  tending,  and  reproducing  the  forest  crop.  And  all 
the  while  the  forest  may  illustrate  the  helpful  relation  of  pub- 
licly owned  forest  land  to  the  surrounding  community,  both 
by  providing  a  recreation  ground  and  by  offering  winter  work 
for  farm  labor  in  the  slack  season  and  stabilizing  local  wood- 
using  industries  with  a  steady  and  reliable  supply  of  raw 
materials.  The  soundest  progress  of  forestry  is  thought  by 
competent  opinion  to  lie  in  the  direction  of  small,  widely  dis- 
tributed town,  city,  and  State  forests.  In  this  progress  Mount 
Toby  is  particularly  well  situated  to  point  the  w^ay. 
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LEGISLATIVE    BUDGET,    1922. 
For  Permanent  Improvements. 

Chemistry  Laboratory  and  Equipment,  $350,000.  —  This  is  the 
third  time  that  this  structure  has  been  asked  for,  and  it  has 
been  under  discussion  for  many  years.  In  1918  the  Commis- 
sion on  the  Investigation  of  Agricultural  Education  reported : 
"An  adequate  chemistry  laboratory  is  equally  needed.  The 
present  chemistry  building  is  one  of  the  oldest,  most  dilapi- 
dated and  most  unsuitable  buildings  on  the  campus."  Chem- 
istry is  a  subject  required  of  every  student  because  it  is  fun- 
damental in  all  agricultural  work.  For  the  same  reason  the 
research  work  in  chemistry  demands  more  space  than  does  any 
other  single  branch  of  investigation.  It  is  estimated  that  it  will 
require  an  appropriation  of  $350,000  to  build  and  equip  a  build- 
ing that  will  be  at  all  adequate  to  meet  the  situation.  How- 
ever, not  more  than  one-third  of  this  amount  will  be  needed 
during  the  present  fiscal  year. 

Improvements  at  Poiver  Plant,  $80,000.  —  The  appropriation 
here  requested  is  to  provide  for  an  ash  storage  bin  and  for  two 
additional  boilers  and  stokers  for  the  power  plant.  In  order 
to  meet  the  constantly  increasing  demand  upon  the  steam 
boilers,  to  replace  present  boilers,  some  of  which  are  eighteen 
years  old,  and  to  maintain  a  minimum  reserve  of  boiler  ca- 
pacity for  use  in  case  of  emergency,  our  engineer  considers  it 
necessary  to  install  two  406-horsepower  boilers  equipped  with 
stokers.  The  cost  of  these  items  is  estimated  to  be  $35,000. 
A  stoker  should  be  installed  in  connection  with  a  200-horse- 
power  boiler  already  used.  The  necessary  cost  of  setting  these 
boilers,  piping,  flue  work  and  other  necessary  repairs  and  im- 
provements incident  to  this  installation  amounts  to  approxi- 
mately $69,000. 

Laboratory  for  Horticultural  Manufactures,  $50,000.  —  The  im- 
portance of  utilizing  various  by-products  of  the  farm  which 
formerly  were  wasted,  such  as  fruit  and  vegetables,  was  empha- 
sized during  the  war,  and  under  the  direction  of  Prof.  W.  W. 
Chenoweth  of  this  institution  farmers  came  to  see  whereby  this 
saving  could  to  advantage  be  made  permanent.  In  order  to 
adequately  give  instruction  in  the  preservation  of  fruit  and 
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vegetable  products,  a  new  laboratory  building  is  essential.  The 
plans  provide  for  a  one-story  building  of  inexpensive  construc- 
tion, which  will  furnish  laboratories  for  the  various  phases  of 
this  work. 

Improvements  at  Tillson  Farm,  $5,000.  —  For  a  number  of 
years  the  institution  has  been  developing  important  research 
work  in  connection  with  poultry  husbandry,  and  it  is  apparent 
that  valuable  results  may  be  obtained  by  the  continuation  and 
expansion  of  these  projects.  It  is  desirable  that  this  experi- 
mental work  be  done  at  an  isolated  place.  The  college  owns  a 
farm  of  about  70  acres  located  some  distance  from  the  main 
area,  and  it  is  proposed  to  develop  this  farm  as  an  experimental 
poultry  plant.  It  will  be  necessary  to  build  laying  houses,  a 
breeding  house,  an  incubator  cellar,  a  feed  room  and  a  barn. 
Considerable  fencing  must  also  be  done.  The  total  cost  will  be 
slightly  in  excess  of  $11,000,  but  it  is  thought  that  $5,000  will 
be  adequate  for  the  initial  work. 

Macadam  Road,  $8,000.  —  There  is  no  first-class  macadam 
road  anywhere  on  the  campus.  There  are  two  main  approaches 
to  the  campus  which  have  heavy  traffic  by  sightseers  as  well 
as  others.  The  total  length  of  the  main  drives  on  the  w^est 
campus  is  approximately  one  mile.  All  the  coal  used  by  the' 
institution  is  brought  in  from  the  railroad  stations,  chiefly  by 
automobile  truck.  That  portion  of  the  road  which  is  used  for 
this  purpose  should  be  macadamized  at  once.  The  distance  is 
approximately  1,750  feet  and  the  estimated  cost  is  $8,000. 

Purchase  of  Brooks  Farm,  $20,000.  —  The  erection  of  certain 
buildings  on  the  campus  during  the  past  twenty  years  has  made 
a  serious  encroachment  on  the  field  plots  used  by  the  Experi- 
ment Station.  Immediately  adjoining  the  college  estate  on  the 
north  is  a  farm,  the  soil  of  which  is  a  continuation  of  that 
now  used  for  Experiment  Station  purposes.  The  area  comprises 
60  acres,  and  farm  buildings.  In  a  recent  appraisal  by  three 
competent  judges  $21,400  was  agreed  upon  as  a  fair  price  for 
this  property.  This  land  is  now  very  urgently  needed  for  the 
purpose  indicated,  and,  looking  into  the  future,  it  seems  abso- 
lutely essential  that  it  be  available  for  experimental  purposes. 
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IS  THE  COLLEGE  ABANDONING  AGRICULTURE  ? 

The  remainder  of  this  report  is  an  effort  to  answer  as  briefly 
as  possible  the  oft -repeated  charge  that  the  College  has  strayed 
away  from  its  original  purpose  and  has  quite  neglected  instruc- 
tion in  agriculture.  This  charge  can  be  easily  and  completely 
disproved  by  any  one  who  will  make  a  thorough  and  impartial 
investigation  of  the  facts.  Indeed,  it  can  be  shown  conclu- 
sively that  agricultural  instruction  is  stressed  more  by  far 
to-day  than  ever  before,  and  that  the  College  has  less  the  char- 
acter of  a  State  college  or  university  than  at  any  time  in  all  its 
history.  It  is  my  purpose  to  bring  some  convincing  data  bear- 
ing upon  these  points  to  your  attention. 

The  fundamental  mistake  usually  made  by  those  who  make 
this  charge  is  the  assumption  that  these  colleges  were  estab- 
lished for  the  sole  purpose  of  training  boys  to  become  practical 
farmers  and  nothing  else.  Another  wrong  assumption  is  that 
such  a  narrow  purpose  was  controlling  in  the  minds  of  those 
who  administered  the  work  of  the  College  in  the  past  as  com- 
pared with  those  who  are  now  administering  it.  Both  assump- 
tions have  no  basis  in  fact. 

The  facts  clearly  prove  that  the  idea  of  a  liberal  education 
was  originally  linked  closely  with  the  idea  of  a  technical  and 
scientific  training;  indeed,  a  liberal  education,  based  on  science, 
was  the  basic  idea.  There  was  never  a  thought  of  a  training 
for  a  single  vocation  or  a  single  phase  of  a  vocation  in  the 
minds  of  the  statesmen  who  founded  the  land-grant  institutions. 
Moreover,  the  facts  prove  that  a  practical  and  technical  train- 
ing has  been  increasingly  stressed  as  against  the  earlier  emphasis 
upon  a  general  scientific  education,  and  that  there  is  taught 
to-day  a  maximum  of  practical  and  technical  subjects  as  against 
a  minimum  of  scientific  and  general  subjects  in  the  agricultural 
colleges. 

The  agricultural  colleges,  as  you  know,  were  established  as 
the  result  of  the  Morrill  Land  Grant  Act  of  1862.  That  act 
provided  for  "the  endowment,  support  and  maintenance  of  at 
least  one  college  where  the  leading  object  shall  be,  without  ex- 
cluding other  scientific  and  classical  studies,  and  including 
military  tactics,  to  teach  such  branches  of  learning  as  are  re- 
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lated  to  agriculture  and  the  mechanic  arts,  in  such  manner  as 
the  legislatures  of  the  states  may  respectively  prescribe,  in 
order  to  promote  the  liberal  and  practical  education  of  the  in- 
dustrial classes  in  the  several  pursuits  and  professions  in  life." 

It  is  not  necessary  to  comment  on  the  breadth  of  this  lan- 
guage except  to  call  attention  to  the  fact  that  it  is  far,  very 
far,  removed  from  the  thought  of  a  college  to  train  boys  to  be- 
come farmers  and  7wthing  else. 

This  act  was  amended  through  Mr.  Morrill's  efforts  in  1890 
to  the  effect  that  $25,000  should  be  granted  to  each  State  "to 
be  applied  only  to  instruction  in  agriculture,  the  mechanic 
arts,  the  English  language  and  the  various  branches  of  mathe- 
matical, physical,  natural,  and  economic  science,  with  special 
reference  to  their  applications  in  the  industries  of  life  and  to 
the  facilities  for  such  instruction." 

This  amendment  narrows  the  use  of  the  appropriation  only 
to  certain  subjects,  namely,  agriculture,  English,  and  applied 
science.  Note  that  applied  science  included  economic  science 
as  far  back  as  thirty  years  ago. 

On  these  two  legislative  acts  these  institutions  were  based, 
and  the  condensed  form  of  them  is  now  printed  in  the  General 
Laws  of  the  Commonwealth  of  Massachusetts  in  these  words: 
"The  leading  object  of  the  college  shall  be  to  teach  subjects 
relating  to  agriculture  and  the  mechanic  arts,  so  as  to  promote 
liberal  and  practical  education.  Its  curriculum  may  include 
other  scientific  and  classical  studies  and  shall  include  military 
tactics." 

That  is  the  exact  legal  language  that  at  this  moment  in  this 
State  defines  the  purpose  of  the  College;  that  is,  therefore,  the 
definition  of  purpose  that  should  control  all  who  have  a  share 
in  guiding  its  policies  and  administering  its  details.  Surely  no 
one  conversant  with  the  meaning  of  such  language  can  possibly 
say  these  colleges  were  meant  to  be  merely  vocational  schools 
and  nothing  more.  No  one  in  authority  anywhere  has  so  in- 
terpreted them.  Higher  institutions,  founded  upon  a  high 
school  training,  would  not  be  needed  to  carry  out  so  simple  and 
narrow  a  purpose  as  is  in  the  minds  of  some  of  our  critics. 

What  was  Senator  Morrill's  interpretation  of  this  language? 
What  did  he  ha^e  in  mind  when  he  championed  this  project 
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in  his  earlier  and  later  legislative  experience?     In  discussing 
the  subject  before  the  lower  House,  Mr.  Morrill  said :  — 

It  proposed  to  establish  at  least  one  college  in  every  State,  upon  a  sure 
and  perpetual  foundation,  accessible  to  all,  but  especially  to  the  sons 
of  toil,  where  aU  the  needful  sciences  for  the  practical  vocations  of  life 
shall  be  taught;  where  neither  the  higher  graces  of  the  classical  studies, 
nor  the  miUtary  drill  of  our  country  now  so  greatly  appreciated,  will 
be  entirely  ignored,  and  where  agriculture,  the  foundation  of  all  present 
and  future  prosperity,  may  look  for  troops  of  earnest  friends,  studying 
its  familiar  and  recondite  economics,  and  at  last  elevating  it  to  a  higher 
level,  where  it  may  fearlessly  invoke  comparison  with  the  most  advanced 
standard  of  the  world. 

In  1872,  ten  years  after  the  passage  of  the  Land  Grant  Act, 
he  further  said  in  a  debate  in  the  Senate  that  — 

It  was  a  misnomer  to  call  the  institutions  "agricultural  colleges;" 
they  were  schools  for  the  benefit  of  agriculture  and  the  mechanic  arts, 
whose  purpose,  as  he  subsequently  explained,  was  to  provide  a  broad 
education,  intended  to  be  sure  to  reach  the  agriculturist  and  to  reach 
all  our  industrial  classes. 

And  in  1890,  twenty-eight  years  after  the  passage  of  the  act, 
he  said:  — 

The  most  advanced  studies  were  not,  it  will  be  remembered,  to  be 
excluded  from  these  colleges,  and  whenever  provided  with  sufficient 
resources  they  should  be  ready  to  offer  all  the  learning  demanded  by  any 
portion  of  the  American  people,  and  yet  they  must  not  fall  short  in  the 
branches  related  to  agriculture  and  the  mechanic  arts,  but  must  lead  in 
the  highest  instruction  asked  for  by  the  industrial  classes. 

What  were  the  interpretations,  or  points  of  view,  of  the  ex- 
ecutive heads  of  M.  A.  C.  concerning  the  purpose  of  the  College 
as  expressed  in  the  Morrill  Land  Grant  Act?  I  shall  let  them 
speak  for  themselves. 

In  the  catalogue  of  1867,  the  year  of  the  first  entering  class, 
we  find  President  Chadbourne  writing  thus:  — 

The  object  aimed  at  in  the  instruction  is,  first,  to  make  intelligent, 
thoroughly  educated  men;  and  secondly,  to  make  practical  agriculturists. 
This  is  demanded  by  the  law  of  Congress  donating  the  lands,  which 
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declares  the  purpose  to  be,  "to  promote  the  hberal  and  practical  educa- 
tion of  the  industrial  classes  in  the  several  pursuits  and  professions  in 
life."  It  is  difficult  to  see  how  an  agricultural  education  alone  would 
meet  the  requirements  of  this  law  if  such  an  education  were  desirable. 
But  any  system  that  attempts  to  give  practical  knowledge  without  first 
having  given  a  broad  scientific  basis  will  succeed  only  in  making  skillful 
artisans,  and  will  not  send  forth  men  fitted  to  improve  themselves,  or 
add  materially  to  the  advancement  of  knowledge. 

It  is  proposed  that,  for  the  present,  at  least,  the  instruction  shall  con- 
sist of  two  courses;  a  special  course  of  lectures,  exclusively  agricultural, 
to  be  given  every  winter,  and  also  a  regular  four-year  course  of  study 
that  shall  give  a  truly  hberal  education,  —  a  basis  for  the  active  duties 
of  life,  which  any  citizen  of  a  free  republic  may  be  called  upon  to  engage 
in.  The  College  will  thus  offer  the  advantages  of  a  professional  school 
in  agriculture,  and  an  educational  course  differing  from  that  in  the  other 
colleges  of  the  State,  but  no  less  extensive  and  thorough  in  its  require- 
ments. 

Undoubtedly  there  is  a  difference  of  opinion  as  to  what  the  College 
should  be.  In  reference  to  some  of  our  best  institutions  that  have  been 
estabhshed  for  more  than  a  century,  there  is  a  marked  difference  of 
opinion  among  their  alumni  and  officers  as  to  the  most  desirable  organiza- 
tion for  them  now  to  meet  the  demands  of  the  present  time.  As  no  one 
can  claim  to  have  experience  in  conducting  such  an  institution  as  this^ 
it  would  seem  to  be  the  udsest  way  for  .all  well-wishers  of  the  College  tO' 
go  on  as  best  they  can  in  the  light  of  experience  gained  in  the  general 
work  of  education,  and  be  ready  to  adopt  such  changes  as  the  practical 
working  of  the  institution  shall  show  to  be  necessary. 

The  fear  is  expressed  by  some  that,  if  an  attempt  is  made  to  give  a 
truly  liberal  education,  the  students  will  turn  aside  from  agriculture  to 
other  pursuits.  Undoubtedly  some  of  them  will.  If  such  an  education 
is  given  in  practical  science  as  ought  to  be  given  in  such  an  institution^ 
there  will  be  a  demand  for  its  students  as  teachers  and  in  other  professions.. 
And  it  would  be  an  education  entirely  unworthy  of  Massachusetts,  and 
contrary  to  the  plain  intent  of  the  act  of  Congress  donating  the  land,  if 
it  were  so  meager  in  its  requirements  that  the  students  should  be  fitted 
only  for  one  pursuit  in  life.  No  surer  way  could  be  devised  to  defeat 
the  very  end  for  which  the  College  was  established,  than  to  conduct  it 
on  a  plan  which  proclaimed,  in  theory  and  practice,  that  its  students 
were  to  be  kept  in  ignorance  of  certain  things  lest  they  should  be  above 
their  calling.  No  institution  can  ever  succeed  on  such  a  plan,  and  ought 
not  to.  It  is  difficult  to  see  what  a  student  would  enter  such  an  institu- 
tion for.  Such  views  are  repugnant  to  every  generous  feeling  which  an 
educated  man  ought  to  possess,  contrary  to  the  principles  of  our  institu- 
tions, and  are  not  sustained  by  the  present  position  of  the  agriculturists 
of  this  State.  The  adoption  of  such  a  system  would  be  simply  sa5dng  to 
the  farmers  of  Massachusetts  that  they  are  tillers  of  the  soil  because  they- 


34  AGRICULTUEAL  COLLEGE.  [Feb. 

are  too  ignorant  for  other  pursuits.  An  entirely  different  principle  has 
been  acted  upon  in  organizing  the  College.  While  the  student  is  to  be 
educated,  agxiculture,  which  rests  upon  a  knowledge  of  all  the  natural 
sciences,  is  to  be  made  a  means  of  education.  It  ought  to  be  so  presented 
that  it  shall  be  an  inviting  pursuit  for  an  educated  man.  When  all  its 
processes  are  scientifically  understood,  it  will  be  difficult  to  point  to  any 
business  or  profession  that  offers  a  field  of  thought  more  desirable. 

The  four-year  course  of  study  for  the  first  class  entering 
M.  A.  C.  was  as  follows  for  the  freshman  year:  — 

First  Term. — -Algebra;  English  Language ;  Human  Anatomy;  Botany. 
Lectures  on  the  Preservation  of  Health  and  Methods  of  Study. 

Second  Term.  —  Geometry;  Drawing;  French;  General  Chemistry  and 
Mineralogy.    (Recitations  and  lectures.) 

Third  Term.  —  Geometry;  Drawing;  French;  General  Zoology;  Botan- 
ical Analysis. 

Members  of  the  Freshman  Class  will  be  allowed  to  attend  at  least  one 
lecture  daily  of  the  special  course  on  Agriculture,  in  such  departments  as 
the  Faculty  shall  determine. 

And  as  follows  for  the  senior  year:  — 

First  Term.  —  Civil  Polity;  Intellectual  Philosophy;  Economic  Ge- 
ology and  Mining.    Lectures;  Law  relating  to  Rural  Affairs. 

Second  Term.  —  Moral  Philosophy;  Logic;  .Esthetics;  English  Litera- 
ture.   Lectures;  Architecture. 

Third  Term.  —  Special  subjects;  Reviews. 

Seniors  attend  any  lectures  of  the  course.  Mihtary  Tactics;  Declama- 
tions; Discussions  and  Themes  during  the  whole  course. 

I  omit  the  sophomore  and  junior  years  for  lack  of  space 

merely. 

In  1871  President  Clark's  report  includes  the  following  state- 
ment :  — 

The  instruction  in  the  languages  is  intended  to  qualify  the  graduates 
to  write  and  speak  Enghsh  with  correctness  and  effect,  and  to  translate 
French  and  German  mth  faciUty.  The  scientific  course  is  extensive  and 
thorough,  and  as  practical  as  possible.  Every  student  has  the  opportunity 
of  becoming  a  good  chemist,  a  sldlLful  surveyor,  and  a  civil  engineer.  At 
the  same  time,  every  science  is  taught  with  constant  reference  to  its 
applications  to  agriculture  and  the  wants  of  the  farmer. 
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In  1874  President  Clark  further  said:  — 

It  is  the  earnest  desire  of  the  trustees  and  faculty  that  the  CoUege 
shall  especially  promote  the  agricultural  interests  of  the  Commonwealth, 
but  it  may  be  well  to  remind  those  who  demand  that  every  graduate 
shall  be  a  farmer,  that  the  act  of  incorporation  passed  by  the  Legislature 
of  1863  does  not  intimate  that  the  accomplishment  of  this  result  is  the 
mission  of  the  institution.  The  language  is  as  follows:  "the  leading 
object  shall  be,  without  excluding  other  scientific  and  classical  studies, 
and  including  military  tactics,  to  teach  such  branches  of  learning  as 
are  related  to  agriculture  and  the  mechanic  arts,  in  order  to  promote 
the  liberal  and  practical  education  of  the  industrial  classes  in  the  several 
pursuits  and  professions  of  life." 

It  should  therefore  be  distinctly  understood  that,  while  the  most  effort 
and  the  largest  expense  have  been  bestowed  upon  the  agricultural  de- 
partment, the  authorities  of  the  College  do  not  propose  to  require  its 
graduates  to  engage  in  any  particular  business  for  life.  The  opportunity 
for  acquiring  a  valuable  education  is  offered  to  all  the  young  men  of 
the  country,  and  if  the  farmers  desire  to  have  their  sons  trained  in  the 
best  manner  to  pursue  intelhgently  the  profession  of  their  fathers,  let 
them  patronize  the  College.  If,  however,  there  are  others  who  wish  to 
have  their  sons  enjoy  the  advantages  of  scientific  and  literary  culture 
under  circumstances  calculated  to  interest  them  in  practical  affairs,  and 
to  prepare  them  for  a  life  of  industry  and  usefulness,  they  have  equal 
rights  with  the  farmers,  and  shall  have  equally  cordial  welcome. 

In  1883  President  Chadbourne  again  writes:  — 

The  course  of  study  has  been  so  far  modified  as  to  introduce  more 
instruction  in  the  structure  of  the  English  language,  rhetoric  and  history. 
The  study  of  French  and  German  heretofore  required  has  been  made 
optional,  and  the  time  of  recitations  so  arranged  that  each  student  can 
study  both  languages  if  he  so  elects. 

The  work  of  the  College  has  been  most  efficiently  done.  The  improve- 
ment of  the  students  in  their  studies  and  in  that  good  order  and  gentle- 
manly deportment  so  desirable  in  college,  has  been  highly  satisfactory. 

It  is  plainly  evident  that  the  people  of  the  State,  as  a  whole,  have  not 
understood  the  provisions  here  made  for  the  education  of  the  young  men 
of  Massachusetts.  When  committees  from  the  Legislature  and  others 
have  visited  the  institution  and  become  acquainted  with  its  organization, 
its  means  of  instruction,  and  its  actual  work,  the  College  has  proved  its 
own  best  advocate.  To  make  the  College  and  its  work  better  known  to 
all  the  people  of  the  State,  we  ask  a  careful  consideration  of  the  course 
of  study  and  of  the  reports  of  various  departments.  We  also  feel  justified 
in  once  more  calling  the  attention  of  the  Legislature  and  the  people  of 
the  State  to  the  founding  and  organization  of  this  institution  as  well  as 
to  its  present  condition. 
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The  grant  of  land  and  land-scrip  for  founding  agricultural  colleges 
was  made  by  the  general  government  in  1862.    The  Civil  War  had  brought 
out  with  great  clearness  the  elements  of  national  strength,  —  varied 
production  in  agriculture  and  the  mechanic  arts,  and  a  citizen  soldiery 
well  trained  in  the  art  of  war.    To  secure  all  these  in  their  greatest  per- 
fection was  the  aim  of  the  bill  for  estabhshing  "industrial  colleges"  in 
the  various  loyal  States.    Whatever  mistakes  may  have  been  made  in 
the  organization  and  management  of  these  institutions,  no  fault  can  be 
charged  home  to  the  original  bill.    It  was  evidently  a  wise  measure,  and 
suggested  an  outUne  of  organization  and  management  that  has  not  as 
yet  been  improved  upon.     Its  significant  words  are  as  foUows:    "The 
endowment,  support  and  maintenance  of  at  least  one  college  where  the 
leading  object  shall  be,  without  excluding  scientific  and  classical  studies, 
and  including  military  tactics,  to  teach  such  branches  of  learning  as  are 
related  to  agriculture  and  the  mechanical  arts,  in  such  manner  as  the 
Legislatures  of  the  States  may  respectively  prescribe,  in  order  to  promote 
the  liberal  and  practical   education    of   the    industrial    classes  in   the 
several  pursuits  and  professions  of  life."     No  branch  of  learning  pe- 
culiar to  the  old  colleges  was  to  be  necessarily  excluded;  but  the  new 
colleges  were  to  push  on  to  the  practical  apphcation  of  the  sciences  they 
taught,  and  they  were  to  train  all  their  students  as  defenders  of  their 
country  against  domestic  rebellion  or  foreign  invasion.    In  a  word,  they 
were  to  educate  their  students  as  men  and  as  American  citizens.    The  rank 
of  the  education  given  is  liberal,  the  term  applied  to  the  education  given 
by  the  highest  institutions  then  known.    It  was  to  be  so  broad  as  to  fit 
men  for  the  "several  pursuits  and  professions  of  life."    The  object  of 
these  colleges  was  to  obliterate  the  supposed  superiority  of  the  so-called 
"learned  professions"  by  securing  a  "liberal,"  that  is,  the  highest,  educa- 
tion for  those  who  chose  industrial  pursuits,  thus  lifting  agriculture  and 
the  mechanic  arts  from  the  plane  of  mere  routine  labor  to  the  dignity  of 
learned  professions,  founded  upon  scientific  knowledge  and  allied  to,  or 
connected  with,  those  branches  of  learning  essential  for  a  broad  and 
generous  culture  of  the  whole  man.     Many  who  have  attempted  the 
management  of  these  colleges,  as  well  as  many  who  have  criticised  them, 
have  apparently  overlooked  the  broad  and  generous  plan  upon  which 
they  were  founded.    It  is  doubtful  if  they  will  ever  accomplish  the  great 
work  for  which  they  were  intended,  until  their  original  purpose  is  so 
fully  and  constantly  recognized  and  carried  out  by  judicious,  painstaking 
work  that  the  currents  of  education  shall  be  once  fairly  turned  toward 
these  new  channels.    When  once  fairly  turned,  that  they  will  continue 
to  flow  can  no  more  be  doubted  than  we  can  doubt  the  success  of  any 
natural  process  when  not  artificially  obstructed.     An  education  that 
"gives  boys  what  they  need  to  daily  use  when  they  become  men"  com- 
mends itself  as  rational  and  practical.    All  true  education  should  aim 
at  this.    And  this  certainly  is  the  idea  that  is  embodied  in  the  bill  found- 
ing the  industrial  colleges  of  the  several  States.    The  provisions  of  this 
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bill  were  accepted  by  Massachusetts.  One-third  of  the  funds  received 
from  the  United  States  was  given  to  the  Institute  of  Technology  in  Boston 
for  the  promotion  of  the  mechanic  arts,  and  two-thirds  were  devoted  to 
founding  a  college  at  Amherst  for  the  special  work  of  agriculture.  By 
the  gift  to  the  Institute  of  Technology,  the  Agricultural  College  has 
been  freed  from  much  labor  in  building  up  a  mechanical  department,  — 
a  fact  that  has  been  lost  sight  of  by  some,  —  and  is  left  free  to  carry  out 
the  idea  of  a  college  making  agriculture  the  leading  idea,  while  it  secures 
rigid  training  in  military  tactics  and  provides  such  a  range  of  studies  in 
science,  literature,  and  philosophy,  as  shall,  in  the  words  of  the  bill, 
promote  "Hberal  education." 

The  course  of  study  aims  to  do  what  the  original  bill  declared  should 
be  done,  —  give  a  practical  knowledge  of  agriculture  and  horticulture, 
and  at  the  same  time  so  educate  the  man  that  the  students  from  the 
Agricultural  College  shall  not  be  mere  artisans,  having  learned  a  trade 
or  business  and  nothing  more,  but  be  liberally  educated,  so  that,  as 
farmers,  they  shall  rank  in  intellectual  training  with  those  who  choose 
what  have  heretofore  been  called  the  "learned  professions."  It  is  plain 
that  farming  will  never  take  its  true  place,  nor  farmers  have  the  influence, 
in  the  government  of  our  land  which  they  ought  to  have  until  they  take 
their  place  with  those  in  other  professions,  not  only  as  men  of  power  and 
practical  ability,  but  as  men  of  learning  and  culture.  Those  who  claim 
that  the  farmer's  life  forbids  this  result  have  never  yet  fully  appreciated 
the  farm  as  a  place  for  study  and  thought,  as  well  as  a  place  for  labor. 

The  course  of  study  in  1884  was  divided  into  two  parts 
which  were  as  follows :  — 


Course  of  Study  and  Training,  January,  1884. 
Freshman  Yeah. 


Scientific  and  Literary. 
First  term: 

Algebra. 

Botany. 

French. 
Second  term:  • 

Geometry. 

History. 

Botany. 

Lessons  in  Language. 

Freehand  Drawing. 

French. 
Third  term : 

Botany. 

Geometry. 

French. 


Scientific  and  Agricultural. 
First  term: 

Algebra. 

Botany. 

Agriculture. 
Second  term: 

Geometry. 

History. 

Botany. 

Lessons  in  Language. 

Freehand  Drawing. 

Agriculture. 
Third  term: 

Geometry. 

Botany. 

Agriculture. 


38 


AGRICULTURAL  COLLEGE. 


[Feb. 


SOPHOMOKE   YeAE. 


Scientific  and  Literary. 

First  term: 

Geometry  and  Trigonometry. 

Botany. 

Chemistry. 

German. 
Second  term: 

Trigonometry. 

Chemistry. 

Physiology. 

Mechanical  Drawing. 

German. 
Third  term: 

Surveying. 

Botany. 

Zoology. 

German. 


Scientific  and  Agricultural. 
First  term: 

Geometry  and  Trigonometry. 

Botany. 

Chemistry. 

Agricttltuee. 
Second  term: 

Trigonometry. 

Chemistry. 

Physiology. 

Mechanical  Drawing. 

Agricultuee. 
Third  term : 

Surveying. 

Botany. 

Zoology. 

Ageicultuee. 

hoeticultuee. 

Maeket  Gardening. 


Junior  Year. 


First  term: 

Mechanics. 

English  Literature. 

Constitutional  History. 
Second  term: 

Physics. 

English  Literature. 

Chemistry. 

Latin. 
Third  term: 

Physics. 

Chemistry. 

Latin. 


First  term : 

Mechanics. 

English  Literature. 

Agriculture;  Entomology. 
Second  term: 

Physics. 

English  Literature. 

Chemistry. 

Agricultural  Debate. 

Aeboriculture. 

Care  or  Nurseries. 
Third  term : 

Physics. 

Chemistry. 

Roads  and  Railroads. 


Senior  Year. 


First  term: 

Bookkeeping. 

Chemistry. 

Mental  Science. 

Mineralogy. 
Second  term: 

Organic  Chemistry. 

Political  Economy. 

Microscopy. 
Third  term: 

Moral  Science. 

Geology. 

History  of  Philosophy. 


First  term : 

Bookkeeping. 

Chemistry. 

Mental  Science. 

Mineralogy. 
Second  term: 

Organic  Chemistiy. 

Political  Economy. 

Agriculture. 
Third  term: 

Moral  Science. 

Geology. 

Agriculture. 
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Fourteen  years  later  (in  1898)   President  Goodell  who  had 
been  connected  with  the  College  from  the  beginning  writes :  — 

The  academic  course  of  four  years  is  divided  between  nine  depart- 
ments, with  the  fx)llowing  allotment  of  hours  to  the  different  studies :  — 


English  and  literature     . 
Other  languages 
Mathematics  and  drawing 
Chemistry  and  physics   . 
Botany  .... 

Entomology,  zoology,  and  physiology 
Economic  law  and  history 
Military  science  and  practice  . 
Agriculture  in  general     . 
Horticulture 

Veterinary    .... 
Geology  and  astronomy 

Total      .... 


533 

507 

784 

833 

519, 

559 

381 

496 

479 

.377 

185 

370 

6,104 


This  statement  reveals,  then,  only  787  hours  out  of  6,104 
offered  in  so-called  purely  practical  agricultural  lines,  while 
English  offered  533,  other  languages  507,  and  economic  law 
and  history  381,  or  a  total  of  1,421  in  strictly  humane  studies. 
Add  the  mathematics  and  drawing,  784,  to  this  total  and 
you  have  2,205,  or  one-third  of  the  whole.  The  remainder, 
you  will  note  (with  the  exception  of  military  drill)  is  pure  and 
applied  science. 

The  foregoing  excerpts  and  data  clearly  reveal  the  drift  of 
the  discussion  and  its  results  during  the  first  thirty  years  of 
the  life  of  the  College.  They  are  typical,  not  exceptional; 
they  tell  the  whole  story.  There  was  clearly  conceived  no  nar- 
row or  limited  vocational  aim.  These  men  considered  it  their 
business  to  educate  as  well  as  to  train;  to  attend  to  the  man 
as  well  as  to  the  job.  The  catalogues  for  years  openly  an- 
nounced that  "the  College  offers  a  free  education  to  any  Ameri- 
can student  of  good  character  who  may  fulfill  the  requirements 
for  admission." 

In  1905-06,  at  the  close  of  President  Goodell's  administration, 
the  curriculum  shows  no  marked  change  in  content  over  that  of 
1898.  We  find  that  of  the  160  semester  credits  required  for 
graduation,  every  student  was  forced  to  take  16  credits  in  Eng- 
lish, 9  credits  in  French,  7  credits  in  German  and  8  credits  in 
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history,  economics,  and  government,  or  a  total  of  39.  At  the 
same  time,  he  was  compelled  to  take  only  14  in  what  the  critic 
would  term  practical  agricultural  subjects.  In  other  words, 
every  student  had  to  spend  one-quarter  of  his  time  in  cultural 
subjects  (one-tenth  in  English,  one-tenth  in  Germian  and  French, 
and  one-twentieth  in  history,  etc.),  and  only  one-eleventh  in 
all  practical  agricultural  subjects.  These  figures  express  the 
minimum  required  of  every  student.  On  the  other  hand,  the 
most  that  he  could  possibly  take  by  election  in  purely  cultural 
subjects  was  51  credits,  and  the  most  he  could  possibly  take  in 
practical  subjects  was  43.  This  was  the  absolute  maximum 
possible  offered  in  1905-06,  the  year  before  President  Butter- 
field  took  charge.  In  that  year,  let  it  be  noted,  Latin  was 
offered  as  a  four-hour  credit  for  the  senior  year,  —  yes,  Latin. 

I  would  gladly  invite  any  one  to  make  a  careful  comparison 
of  the  curriculum  of  1905-06  with  the  curriculum  of  the  present 
day.  He  will  now  find  no  Latin  (to  his  surprise,  probably), 
only  one-half  as  much  English,  less  than  one-half  as  much  for- 
eign language,  only  one  professor  teaching  economics  and  gov- 
ernment, and  only  one-tenth  of  a  student's  total  time  required 
in  "  other-than-agricultural "  studies.  He  would  find  no  justi- 
fication whatever,  therefore,  for  saying  that  the  College  had 
"expanded  away  from"  agriculture,  or  towards  a  so-called 
State  university,  during  the  past  fifteen  years. 

In  1911  President  Butterfield  defined  the  purpose  of  the  Col- 
lege in  the  following  terms :  — 

The  chief  purpose  of  the  College  is  to  prepare  men  and  women  for  the 
agricultural  vocations.  In  this  statement  the  term  "agricultural"  is 
used  in  the  broadest  sense.  Courses  are  offered  which  give  efficiency  in 
various  practical  pursuits,  such  as  general  farming,  landscape  gardening, 
forestry  and  arboriculture.  Students  also  qualify  for  positions  in  insti- 
tutions designed  for  investigation  in  the  many  sciences  underlying  the 
great  agricultural  industry,  for  teaching  in  agricultural  colleges  and  high 
schools,  and  for  business  occupations  having  connection  with  the  farm 
and  needing  expert  service. 

Contrast  this  statement  with  any  definition  of  purpose  to 
be  found  in  any  previous  report  and  let  him  who  can  saj^  that 
it  is  relatively  broad.     The  fact  is  that  it  is   comparatively 
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narrow,  and  marks  a  decided  change  only  in  stressing  the  prac- 
tical and  vocational  aims  of  the  College. 

In  1917  Governor  Samuel  W.  McCall  appointed  a  commis- 
sion to  investigate  the  College.  This  commission  consisted  of 
Ex-President  Clark  L.  Seelye  of  Smith  College,  Northampton, 
Commissioner  of  Education  Payson  Smith,  Supervisor  of  Ad- 
ministration Charles  E.  Burbank,  Mr.  William  Whiting  of 
Holyoke,  a  business  man  vitally  interested  in  farming,  and  Mr. 
Warren  Jewett  of  Worcester,  an  eminently  practical  and  suc- 
cessful farmer.  This  commission  made  a  full  and  unanimous 
report  which  was  highly  creditable  to  the  College.  In  regard 
to  the  curriculum  this  report  said :  — 

The  land-grant  colleges  were  primarily  established  to  promote  the 
study  of  agriculture  by  the  most  advanced  and  scientific  methods  of 
instruction.  In  their  courses  of  study  one  naturally  expects  that  science 
will  occupy  the  most  prominent  place,  and  that  it  should  be  taught  by 
men  well  quaUfied  for  their  work.  The  Massachusetts  Agricultural 
College  meets  this  expectation. 

There  are  at  present  228  courses  in  agriculture  and  the  cognate  sciences, 
and  only  96  courses  in  mathematics  and  the  so-called  humanities.  In  the 
first  year  48  courses  are  given  in  agriculture  and  mathematics,  and  only 
18  in  the  humanities.  In  the  second  year  6  courses  are  required  in  the 
humanities,  and  54  in  agriculture  and  cognate  sciences.  After  the  second 
year  a  major  course  can  be  elected  in  one  of  17  departments;  during  the 
last  year  75  per  cent  of  the  students  elected  major  courses  in  agriculture 
and  horticulture.  There  is  no  major  course  in  the  humanities,  and  only 
one-quarter  of  the  student's  time  is  required^  in  these  studies.  Three 
quarters  of  the  students  are  giving  three-fourths  of  their  time  to  dis- 
tinctively agricultural  subjects.  Ten  times  as  many  courses  are  given 
in  junior  and  senior  years  in  agriculture  as  were  given  ten  years  ago,  and 
more  agricultural  studies  have  been  introduced  in  the  first  and  second 
years  than  ever  before.  ^ 

There  has  been  no  corresponding  increase  in  humanistic  studies.  Of 
the  faculty  54  teachers  are  engaged  in  instruction  in  agriculture  and  the 
cognate  sciences,  and  14  teachers  in  the  humanities  and  mathematics. 
Members  of  the  faculty  and  representative  students  alike  testify  that  there 
is  a  prevailing  tendency  among  the  undergraduates  to  elect  studies  ac- 
cording to  their  supposed  commercial  values,  and  to  neglect  those  studies 
which  aim  to  strengthen  and  cultivate  the  mind.  While  there  is  a  fair 
showing  of  humanistic  electives  in  the  curriculum,  most  of  them  are 

1  This  is  an  error;  only  one-tenth  is  actually  required. 

2  This  paragraph  is  evidently  based  on  term  courses  offered,  and  does  not  differentiate  between 
separate  and  continuing  courses. 
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not  required  as  thej^  are  in  the  Massachusetts  Institute  of  Technology 
and  in  other  colleges,  and  only  a  few  of  the  students  elect  them. 

While  the  State  in  its  acceptance  of  the  provisions  of  the  Morrill  Act 
is  bound  to  give  special  instruction  in  agriculture,  it  is  not  less  bound  by 
the  language  of  the  act  to  give  a  liberal  education  as  an  integral  part  of 
its  distinctive  work,  and  not  to  neglect  or  relegate  to  subordinate  places 
those  studies  which  experience  has  shown  are  best  fitted  to  nourish  and 
strengthen  the  faculties  of  the  mind  and  which  will  enable  men  to  do 
better  work,  whatever  that  work  may  be. 

In  closing,  I  cannot  refrain  from  quoting  the  following  para- 
graph from  the  report  of  the  committee  on  agriculture  of  the 
State  Grange  presented  in  Springfield  at  the  annual  meeting 
last  month :  — 

We  earnestly  desire  to  see  our  Agricultural  College  maintain  its  posi- 
tion as  one  of  the  leading  agricultural  colleges  in  America.  We  believe 
that  the  courses  of  instruction  should  be  as  thorough,  as  broad  and  as 
liberal  as  those  of  any  other  college  on  the  ground  that  the  farmer  desires 
as  good  an  education  as  any  other  citizen.  We  especially  protest  against 
the  tendency  in  certain  quarters  to  restrict  the  teaching  of  such  subjects 
as  science,  history,  economics,  etc.,  —  subjects  which  are  of  vital  im- 
portance to  the  agricultural  industry  and  to  life  on  the  farm. 

I  cannot  refrain,  either,  from  expressing  a  personal  opinion 
to  the  effect  that  in  order  to  deal  fairly  with  the  boys  of  Massa- 
chusetts who  will  hereafter  attend  the  College  we  must  give 
them  not  less  but  more  of  those  subjects  that  prepare  for  life 
and  citizenship.  The  meager  amount  we  now  require  is  nothing 
short  of  tragic.  No  one  will  contend  that  one-tenth  of  a  boy's 
time  during  the  four  precious  years  of  college  is  sufficient  for 
his  education  as  a  citizen  and  as  a  man.  Yet  that  is  all  that 
a  large  number  of  our  students  receive  to-day.  Will  any  one 
say  we  are  not  sacrificing  the  man  on  the  job  for  the  job;  — 
"the  man  on  the  farm,"  as  Emerson  said,  "for  the  farmer"? 
Does  not  the  practical  result  of  our  present  curriculum  "carry 
us  away"  from  the  real  educational  intent  of  the  Morrill  Land 
.  Grant  Act?  I  believe  it  does,  and  I  believe  further,  that,  with- 
out losing  one  iota  of  the  excellent  "practical"  content  which 
is  now  included  in  the  curriculum,  it  is  our  immediate  and  im- 
perative duty  to  march  swiftly  forward  and  give  a  sound  educa- 
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tion  as  well  as  a  good  vocational  training  to  every  one  of  our 
students. 

In  this  brief  discussion  I  think  I  have  shown  conclusively 
that  there  is  no  truth  whatever  in  the  assertion  that  the  College 
has  abandoned  agriculture  and  magnified  "other  things."  The 
truth  is  there  is  more  agriculture  taught  to-day  than  ever 
before,  and  less,  at  least  50  per  cent  less,  of  "other  things" 
required  than  ever  before. 

EDWARD  MORGAN  LEWIS, 

Acting  President. 
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EEPOETS  OF  OTHER  ADMINISTRATIYE  OFFICERS. 


Report  of  the  Dean. 

The  duties  of  the  dean's  office  this  year  have  been  divided 
between  myself  and  Assistant  Dean  Machmer. 

Professor  Machmer  has  had  charge  of  the  scholarship  of  the 
freshman  class,  of  the  dean's  Saturday  reports,  of  the  meetings 
of  freshman  and  sophomore  class  teachers,  and  of  a  good  part 
of  the  difficult  and  time-consuming  matter  of  absences  and  ex- 
cuses. This  work  he  carried  on  admirably,  together  with  the 
innumerable  personal  conferences  necessary  to  keep  the  boys 
up  to  their  work  by  encouragement  and  sympathy. 

My  work  was  concerned  with  the  other  classes,  with  dis- 
ciplinary matters,  and  with  the  reviewing  of  the  bothersome 
and  delinquent  cases.  A  large  amount  of  time  also  was  spent 
in  consideration  of  the  course  of  study  and  of  such  matters  as 
the  admission  of  superior  graduates  of  county  agricultural 
schools  and  of  agricultural  departments  of  high  schools.  Since 
Christmas,  1920,  I  have  kept  office  hours  at  the  rooms  of  the 
Department  of  Education,  State  House,  Boston,  every  Thurs- 
day. In  the  mornings  I  have  frequently  addressed  high  school 
assemblies  in  regard  to  the  opportunities  in  agriculture  and  the 
work  of  the  College.  Sixteen  high  schools  were  visited  in  this 
way.  The  office  hours  were  usually  quite  busy  with  callers  of 
all  descriptions.  I  was  able  to  give  first-hand  information  to 
a  large  number  who  would  have  had  either  to  travel  to  Am- 
herst or  to  correspond  back  and  forth  at  some  length  with  us 
at  Amherst. 

I  believe  this  experiment  justifies  the  practice.  Indeed,  it  is 
quite  necessary  in  order  to  have  the  College  tie  up  effectively 
with  the  Department  of  Education.  There  are  questions  of 
adjustment  and  policy  arising  constantly  which  make  a  per- 
sonal interview  most  desirable.  I  believe  that  as  the  Boston 
arrangement  is  more  generally  known  it  will  save  a  great  deal 
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of  correspondence  and  make  it  possible  for  us  to  explain  mat- 
ters to  an  increasing  number  of  people  in  a  much  more  satisfac- 
tory way  than  by  letter. 

During  the  past  year  we  lost  the  faithful  services  of  Mrs. 
Mary  I.  Shores  who  had  been  our  chief  clerk  for  seven  years. 
Her  loss  was  a  great  one  to  the  work  of  our  office,  for  she  took 
care  of  the  innumerable  details  with  great  fidelity  and  had 
learned  to  handle  the  students  in  a  friendly  and  sympathetic 
way.  Many  letters  of  sympathy  came  to  us  from  former  stu- 
dents in  regard  to  their  appreciation  of  Mrs.  Shores.  She  was 
ever  faithful,  ever  cheerful,  and  radiated  good-will  and  a  spirit 
of  service  wherever  she  happened  to  be.  It  will  be  difficult  to 
find  any  one  to  take  her  place. 

During  the  past  year,  also,  the  dean's  office  tried  to  carry 
some  of  the  work  of  the  registrar's  office  during  the  absence  of 
Professor  Hasbrouck.  Much  of  this  burden  was  carried  gladly 
and  efficiently  by  Professor  Machmer.  It  necessarily  added  a 
real  burden  to  one  who  was  already  carrying  a  good  share  of 
the  work  of  the  dean's  office. 

I  feel  that  the  important  work  of  absences  and  of  the  scholar- 
ship of  the  two  lower  classes  is  now  in  good  hands.  With  the 
help  of  student  advisers  of  his  choice  Professor  Machmer  will 
keep  the  work  of  the  average  student  well  supervised.  I  hardly 
know  how  this  important  administrative  problem  can  be  better 
met  unless  we  are  ready  to  spend  more  money  in  salaries  for 
special  supervisors.  The  work  of  next  year  should  be  still 
stronger  in  this  respect,  and  more  of  the  boys  saved  from  the 
results  of  carelessness  and  discouragement. 

In  regard  to  this  work  I  beg  leave  to  incorporate  in  my  re- 
port a  few  paragraphs  from  the  assistant  dean's  report  to  me. 

This  year  I  had  associated  with  me  in  this  work  (that  of  freshmen 
advisers)  Professors  Parker  and  Rand.  Both  these  men  did  very  cred- 
itable service  in  spite  of  the  fact  that  they  were  at  the  same  time  carrying 
heavy  teaching  schedules. 

The  work  requires  tact,  patience,  and  sympathy,  and  cannot  be  reduced 
to  a  simple  formula  or  set  of  rules.  Students  must  be  dealt  with  indi- 
vidually, for  the  most  part.  The  adviser  must  be  sought  after  because 
he  is  trustworthy,  resourceful,  and  helpful.  His  work  ought  to  grow 
more  effective  and  valuable  with  each  class  he  fathers.  I  beHeve  this 
advisory  work  very  much  worth  while,  and  hope  the  time  is  near  at 
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hand  when  the  personnel  of  the  freshman  advisers  will  be  less  subject 
to  change. 

The  scholarship  situation  is  still  unsatisfactory.  While  the  number 
of  failures  has  not  been  large,  the  desire  for  real  study  is  not  gaining  as 
we  might  wish.  I  see  some  relief  along  three  or  four  general  lines:  (1) 
Limitation  of  the  number  of  laboratory  credits  which  can  be  counted 
towards  a  degree.  At  present  some  students  in  the  upper  classes  are 
carrying  a  schedule  made  up  very  largely  of  laboratory  courses.  They 
have  very  Httle  work  to  do  outside  of  scheduled  hours  and  their  influence 
does  not  make  for  good  study  habits  of  freshmen,  who  are  bound  to  get 
the  wrong  ideas  of  college  requirements.  (2)  There  is  an  opportunity 
to  improve  the  scholastic  tenor  through  a  closer  co-operation  of  freshmen 
instructors.  With  the  heavy  schedule  freshmen  are  required  to  carry, 
each  department  should  know  pretty  definitely  the  requirements  and 
standards  of  the  other  departments.  Only  in  this  way  can  assignments 
and  responsibilities  be  properly  and  justly  gauged.  This  fault  can  be 
corrected  through  more  frequent  teachers'  meetings  during  the  fall  term. 
(3)  There  must  be  fewer  outside  demands  early  in  the  students'  career 
in  college.  Horseplay,  rushing,  and  meetings  of  a  doubtful  value  must 
be  eliminated.  (4)  Classes  should  begin  the  first  day,  if  at  all  possible, 
which  means  that  textbooks  are  ordered  so  that  students  may  secure 
them  before  the  time  scheduled  for  the  first  recitation  period  in  any 
particular  subject.  To  insure  prompt  starting  of  class  exercises,  text- 
books to  be  used  and  first  assignments  might  be  posted  on  recitation  room 
doors,  or  even  in  the  recitation  room  itself. 

It  seems  to  me  that  it  might  be  well  for  us  to  make  a  little  closer  study 
of  the  methods  employed  by  freshman  instructors.  I  am  convinced 
that  any  freshman  instructor  should  be  first  of  all  a  strong  teacher 
with  sufficient  training,  of  course,  to  command  the  proper  respect  of  the 
students. 

Edward  M.  Lewis, 

Dean . 


Report  of  the  Director  of  the  Experiment  Station. 

A  brief  summarization  of  the  work  of  the  year  just  closed 
shows  the  following  as  its  most  salient  points:  — 

1.  A  continuation  of  the  fine  spirit  of  co-operation  mentioned 
in  my  last  annual  report.  This  has  been  evident  not  only  be- 
tween men  of  the  station  staff  and  of  the  Extension  Service, 
but  likewise  between  the  station  and  the  resident  teaching  staff. 
In  both  cases  assistance  and  advice  have  been  given  without 
stint,  on  request.  Such  a  spirit  is  needed  in  order  to  insure 
the  fullest  effectiveness   of  institutional  service. 
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2.  Continued  development  and  organization  on  the  basis  of 
the  project  system.  In  addition  to  this,  strict  analyses  have 
been  made  of  many  existing  lines  of  work,  in  an  attempt  to 
place  the  station  on  the  most  productive  and  economical  plane 
possible. 

3.  The  institution  of  weekly  Experiment  Station  seminars, 
designed  to  bring  to  bear  on  station  work  the  full  knowledge 
and  experience  of  the  institution  as  a  whole.  The  attendance 
at  these  seminars  and  the  interest  exhibited  have  been  en- 
couraging. 

4.  A  rather  marked  application  of  results  of  investigational 
work  to  problems  of  the  field,  orchard,  and  farm.  This  was 
particularly  noteworthy  in  the  case  of  the  following  individual 
projects: — 

(a)  Pomology  Project  No.  2,  "Study  of  Tree  Characters  of 
Fruit  Varieties^'  —  This  project  was  started  eight  years  ago 
under  the  Adams  fund  by  Dr.  Shaw.  Work  has  progressed  to 
such  an  extent  that  a  method  has  been  developed  whereby 
purity  of  nursery  stock  when  examined  in  the  period  of  full 
leaf  growth  may  be  determined  with  a  very  fair  degree  of  ac- 
curacy. This  fact  has  led  to  the  organization  of  a  nursery 
certification  plan,  operated  through  the  agency  of  the  Massa- 
chusetts Fruit  Growers'  Association.  Up  to  date  its  applica- 
tion is  confined  to  nurseries  lying  within  the  bounds  of  the 
State  of  Massachusetts.  If  it  continues  to  be  as  successful  as 
the  first  year's  experience  indicates,  there  is  no  doubt  that  the 
scope  of  the  work  will  be  enlarged. 

(6)  Botany  Project  No.  14-,  "Control  of  Tobacco  Wildfire."  — 
This  work  became  necessary  through  the  indications  of  widely 
distributed  infection  seen  in  the  seed  beds  of  last  spring. 
Results  have  been  very  encouraging,  have  been  incorporated  in 
a  published  bulletin,  and  promise  to  give  to  our  tobacco  growers 
a  satisfactory  means  of  control. 

(c)  Botany  Project  No.  10,  ''Ayple  Disease  Control  Investiga- 
tions." —  Through  the  co-operation  of  fruit  growers  in  the 
eastern  apple  section,  it  was  possible  for  the  station  to  under- 
take work  on  apple  scab.  The  experimental  plots  in  bearing 
orchards  were  supplied  by  the  co-operating  fruit  growers,  with 
a  probable  ultimate  loss  to  themselves  as  individuals.     Trans- 
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portation  costs  and  labor  costs,  other  than  of  our  staff  members, 
were  Hkewise  met  by  the  fruit  growers.  The  companies  in- 
terested in  the  sale  of  machinery  and  likewise  of  spray  materials 
were  of  great  assistance  in  securing  the  necessary  equipment 
and  supplies.  The  work  of  the  first  season,  although  neces- 
sarily incomplete,  indicates  that  control  of  this  destructive 
fungus  is  easily  possible. 

(d)  Plant  and  Animal  Chemistry  Project  No.  5,  "Chemistry 
of  Arsenical  Insecticides."  —  Information  on  this  subject  has 
been  collected  over  a  series  of  years,  with  lately  an  enlargement 
in  the  field  of  fungicides.  At  the  earnest  request  of  fruit 
growers,  Messrs.  Holland,  Bourne,  and  Anderson  were  assigned 
to  the  task  of  bringing  together  the  scattered  material  in  the 
form  of  a  bulletin,  which  was  published  under  the  title  "In- 
secticides and  Fungicides  for  Farm  and  Orchard  Crops  in 
Massachusetts."  Fruit  growers  all  over  the  country  have  rec- 
ognized this  bulletin  as  a  real  addition  to  their  working  knowl- 
edge of  these  materials. 

(e)  Plant  and  Animal  Chemistry  Project  No.  11,  '^  Determining 
the  Chemical  Composition,  Digestibility,  and  Feeding  Value  of 
Kiln  Dried  Apple  Pomace."  —  Final  report  on  this  work  is  now 
in  press.  It  is  economically  important  in  that  it  points  the 
way  toward  a  probably  economical  method  of  utilization  of  a 
home-produced  source  of  animal  food,  ordinarily  largely  wasted. 

(/)  Plant  and  Animal  Chemistry  Project,  "An  Investigation  of 
the  Solubility  Effect  of  Ammonium  Sulfate  on  the  Soil  of  Field  A." 
—  This  work  as  carried  on  under  the  leadership  of  Professor 
Morse  is  of  national  significance  owing  to  the  fact  that  sulfate 
of  ammonia  is  now  the  most  important  single  source  of  ferti- 
lizer nitrogen. 

In  addition,  mention  should  be  made  of  the  organization  by 
the  Extension  Service,  but  under  the  leadership  of  Dr.  Franklin 
in  charge  of  the  Cranberry  Station,  of  a  series  of  schools  for 
cranberry  bog  foremen.  The  plant  of  the  Cranberry  Station 
has  been  placed  at  the  disposal  of  the  Extension  Service  for 
this  work.  From  the  institutional  standpoint  this  dual  utiliza- 
tion of  research  equipment  is  significant. 

5.  Continued  handicap  to  the  fullest  service  of  the  station 
brought  about  by  the  lack  of  publication  funds.     In  this  con- 
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nection,  however,  I  desire  to  go  on  record  as  appreciating  to 
the  full  the  excellent  service  accorded  the  Experiment  Station 
by  the  State  printers. 

6.  Increasing  difficulty  due  to  shortage  of  land,  with  conse- 
quent danger  of  too  great  dependence  upon  laboratory  data 
unchecked  by  field  experience. 

Appkenticeship  in  Agricultural  Research. 

Among  the  changes  of  the  year  which  give  rise  to  thought  is 
the  withdrawal  from  the  institution  of  two  men,  occupying  al- 
most key  positions,  for  the  purpose  of  continuing  their  research 
work  in  the  service  of  commercial  agricultural  industries. 
These  men  were  Dr.  G.  H.  Chapman,  who  resigned  to  under- 
take service  with  the  Connecticut  Valley  Tobacco  Improve- 
ment Association,  and  Mr.  C.  L.  Beals,  who  left  research  work 
in  animal  nutrition  as  carried  on  here  at  the  Experiment  Sta- 
tion to  take  up  research  work  in  dairy  manufactures  for  the 
Sheffield  Farms  Company.  In  both  cases  the  opportunity  for 
service  was  apparently  increased,  and  likewise  the  financial 
rewards  accorded  the  work. 

The  withdrawal  of  these  two  men  has  caused  serious  inter- 
ruption of  the  work  on  which  they  were  engaged.  Yet  the 
fact  that  commercial  agricultural  industries  are  coming  to  real- 
ize the  value  of  research  is  encouraging.  The  further  fact  that 
they  are  capitalizing  for  the  benefit  of  the  industry  which  they 
represent  the  knowledge  and  experience  gained  by  apprentice- 
ship in  research  is  a  real  cause  for  gratification.  So  numerous 
and  important  are  the  problems  awaiting  solution  in  the  field 
of  production,  as  well  as  in  all  other  fields  of  agricultural  en- 
deavor, even  including  the  problem  of  utilization  of  food  in  the 
home,  that  it  has  long  been  apparent  that  certain  parts  of  the 
work  must  be  left  to  organized  industry.  Therefore,  while  re- 
gretting the  withdrawal  of  these  two  men,  I  must  take  this 
occasion  to  point  out  to  you  a  too  seldom  appreciated  or  real- 
ized function  of  the  Experiment  Station,  —  to  give  apprentice- 
ship in  research  in  order  that  both  the  industries  purveying 
to  agriculture  and  those  depending  on  agriculture  may  secure 
the  type  of  research  service  which  is  needed.  It  is  the  function 
of  the  College  and  the  Graduate  School  to  train  men;    but  it 
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is  the  function  of  the  Experiment  Station  to  give  to  these  men 
the  experience  without  which  they  cannot  hope  to  fill  important 
positions  in  industries  relating  to  agriculture. 

Needs  of  the  Experiment  Station. 

The  two  great  needs  of  the  Experiment  Station  at  the  present 
time  may  be  listed  as  more  land  and  greater  man  power.  Re- 
garding the  first,  I  need  only  refer  you  to  my  last  annual  report, 
stating  the  present  conditions  under  which  the  Experiment  Sta- 
tion is  working,  and  the  causes  which  have  brought  these  about. 
This  part  of  the  subject  I  must  dismiss  with  a  single  statement 
that  not  until  the  land  needs  of  the  Experiment  Station  are 
met  will  the  station  be  of  fullest  service  to  the  people  of  the 
Commonwealth. 

Regarding  the  need  for  additional  man  power,  first  attention 
should  be  given  to  those  existing  departments,  already  organ- 
ized and  equipped,  in  which  production  is  curtailed  through  lack 
of  sufficient  assistance.  Clear  separation  should  be  made  be- 
tween such  requests  and  requests  which  contemplate  entirely 
new  departmental  organizations.  The  positions  needed  for  the 
former  purpose  are  as  follows :  — 

1.  Research  Professor  of  Agronomy.  —  For  a  number  of  years 
this  position  has  been  combined  with  that  of  the  Director  of 
the  Experiment  Station.  It  seems  impossible,  however,  to  give 
to  the  administrative  work  of  the  station  the  time  and  thought 
which  it  needs,  and  at  the  same  time  keep  abreast  of  the  times 
in  the  study  of  fundamental  problems  of  crop  production.  The 
increase  in  the  overhead  cost  of  maintenance,  owing  to  the  em- 
ployment of  such  an  officer,  will  not  be  large.  The  value  of 
work  of  this  kind  to  productive  agriculture  is  apparent  to  all. 

2.  Laboratory  Assistant  in  Pomology.  — In  productive  orchard- 
ing Massachusetts  has  recently  made  great  strides.  At  no  dis- 
tant date  it  is  expected  that  the  State  will  be  self-supporting 
in  apple  production,  and  may,  in  fact,  have  a  surplus  for  export. 
The  Department  of  Pomology  is  now  so  organized  as  to  admit 
of  very  thoroughgoing  work  in  this  particular  field.  The  new 
assistant  is  needed  in  order  to  make  fully  productive  the  knowl- 
edge and  experience  of  men  now  in  the  department. 
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3.  Assistant  Research  Professor  of  Vegetable  Gardening  at  the 
Market-Garden  Field  Station.  —  The  work  at  the  Field  Station 
is  now  well  under  way,  but  the  recording  and  study  of  accumu- 
lating data  have  been  found  time-consuming  in  the  extreme. 
For  experimental  work  on  the  many  problems  which  must  be 
faced  in  commercial  vegetable  growing,  this  additional  research 
worker  is  needed.  His  appointment  will  not  increase  materially 
the  maintenance  charges  at  the  Field  Station. 

4.  Investigator  in  Plant  Pathology,  to  be  located  at  the  Mar- 
ket-Garden Field  Station,  and 

5.  Investigator  in  Economic  Entomology,  to  be  located  at  the 
same  place.  Owing  partly  to  differences  in  climate  brought 
about  by  proximity  to  the  seacoast,  problems  in  the  control  of 
the  enemies  of  vegetation  as  met  in  the  eastern  part  of  the 
State  differ  from  those  faced  at  the  home  station. 

In  addition  to  the  foregoing  I  must  point  out  that  an  Exten- 
sion worker  in  the  Department  of  Veterinary  Science  is  sorely 
needed.  His  duties  would  be  to  organize  on  an  Extension  basis 
certain  work  now  being  done  by  the  Experiment  Station  in 
avian  pathology.  Until  such  time  as  this  Extension  worker 
can  be  secured,  the  research  men  of  this  department  cannot 
concentrate  on  the  work  for  which  they  are  primarily  engaged. 

It  should  also  be  noted  that  the  fine  equipment  of  the  De- 
partment of  Microbiology  of  the  Experiment  Station  is  not  now 
fully  utilized  owing  to  lack  of  man  power.  The  subjects  being 
studied  by  this  department  are  basic  and  fundamental.  At 
least  one  additional  assistant  research  professor  is  needed  in 
order  that  the  department  may  continue  studies  initiated  dur- 
ing the  war  on  conservation  and  preservation  of  food  products. 

Owing  to  the  present  depressed  business  conditions,  I  will 
make  no  mention  in  this  place  of  other  departments  standing 
in  need  of  research  service. 

The  Clerical  Staff. 
The  work  of  the  station  is  handicapped  to  a  great  degree 
through  lack  of  sufficient  clerical  service,  and  likewise  through 
the  lack  of  labor-saving  computing  machinery.  This  is  par- 
ticularly the  case  in  the  Department  of  Agricultural  Economics, 
in  which  naturallv  a  large  number  of  statistical  studies  must 
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be  made.  The  output  of  this  department  may  be  greatly  in- 
creased by  the  investment  of  funds  in  the  machinery  mentioned, 
and  the  employment  of  competent  clerical  assistance.  Similar 
to  a  degree  is  the  situation  in  the  Department  of  Poultry  Hus- 
bandry, in  which  experimental  data  are  accumulating  more 
rapidly  than  they  can  be  studied  in  an  interpretative  way.  To 
allow  such  a  state  of  affairs  to  continue  is  an  invitation  to  fail- 
ure. The  only  present  remedy  is  to  require  our  research  men 
to  spend  their  time  in  clerical  work  rather  than  that  for  which 
they  are  better  trained  and  more  productively  employed. 

Regulative  Work. 

Through  State  law,  four  different  regulatory  services  are 
vested  in  the  Experiment  Station  as  executive  agency.  These 
are  the  fertilizer  control,  the  feed  control,  the  inspection  of 
dairy  glassware  and  examination  of  milk  testers,  and  the  poultry 
disease  elimination  law.  The  sum  total  of  the  appropriations 
is  $25,050. 

There  have  been  no  changes  from  previous  practice  in  the 
feed  control  as  carried  on  in  the  past  year.  Funds  are  insuf- 
ficient for  carrying  out  all  the  provisions  of  the  feed  control 
law,  but  a?ide  from  this,  work  is  progressing  in  its  usual  efiicient 
way.  Work  under  the  fertilizer  control  law  has  likewise  pro- 
gressed in  the  usual  way,  the  only  change  worthy  of  note  being 
further  study  of  method  of  presentation  of  results,  and  a  definite 
policy  looking  towards  division  of  the  subject-matter,  with  more 
frequent  reports  than  previously,  but  each  one  of  a  limited  scope. 

With  the  increased  appropriation  given  at  the  legislative  ses- 
sion of  1920-21  for  the  support  of  the  poultry  disease  ehmina- 
tion  law  has  come  the  opportunity  for  increased  activity  and 
better  organization.  With  the  employment  of  three  permanent 
assistants  in  place  of  two  temporary  assistants,  the  work  is  now 
on  a  sounder  and  more  thoroughgoing  basis  than  has  heretofore 
been  possible.  Likewise  it  is  now  so  organized  as  to  attempt 
to  clean  up  certain  sections  of  the  State,  in  the  hope  that  after 
a  reasonable  number  of  years  distribution  of  the  disease  will  be 
so  reduced  as  to  make  further  work  unnecessary. 


Sidney  B.  Haskell, 
Director  of  the  Experiment  Station. 


I 
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Report  of  the  Director  of  the  Extension  Service. 

The  report  of  the  Extension  Service  for  the  past  year  will  be 
confined  to  discussion  of  but  a  few  outstanding  factors  in  the 
work,  leaving  statistical  data  and  detailed  comment  for  the  full 
report  which  will  be  submitted  to  the  Governor,  in  accordance 
with  congressional  requirement  as  set  forth  in  the  Smith-Lever 
Act. 

Careful  Planning  has  resulted  in  more  General  Accept- 
ance OF  Improved  Methods. 

The  Extension  Work  of  the  past  year  has  been  characterized 
by  more  carefully  defined  projects  and  plans  of  work,  more 
intensive  efforts  in  fewer  fields,  more  work  with  groups  and 
less  with  individuals,  more  careful  appraisal  of  values  resulting 
from  time  and  money  spent,  and,  most  important  of  all,  more 
farmers  and  home-makers  teaching  in  their  localities  by  means 
of  co-operative  demonstrations.  Our  work  is  based  on  the  con- 
viction that  farmers  and  home-makers,  with  adequate  support 
of  county  agents  and  specialists,  are  the  best  Extension  teach- 
ers, and  are,  in  the  main,  best  qualified  to  determine  the  sub- 
jects in  which  teaching  is  most  needed.  The  task  of  the 
Extension  Service  therefore  becomes  increasingly  one  of  finding 
the  most  successful  men  in  the  business  of  farming,  and  women 
in  the  business  of  home-making,  assisting  them  to  perfect  their 
practices,  training  them  in  methods  of  informal  teaching,  and 
organizing  the  attention  of  the  community  to  them  and  their 
demonstrations.  It  is  also  noted  that  such  teaching  is  effective 
proportionately  as  communities  have  themselves  determined, 
in  consultation  with  the  county  staffs,  what  demonstrations 
were  needed,  and  from  such  discussions  have  decided  to  support 
a  program  of  their  own  making.  It  is  hardly  too  much  to  pre- 
dict that  next  year  will  see  almost  the  entire  Extension  program 
built  on  the  analysis  of  community  needs  by  the  men  and  women 
most  affected,  guided  always  by  the  counsel  of  the  county  and 
College  Extension  workers,  and  involving  the  teaching  efforts 
of  hundreds  of  men,  women,  boys,  and  girls. 

These  elements  indicate  the  magnitude  and  importance  of 
Extension  work.     It  is  not  a  program  predetermined  by  paid 
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agents  and  superimposed  on  the  State;  it  is  an  intelligent  and 
democratic  effort  of  the  average  citizens  in  our  communities  to 
effect  changes  toward  better  farm  and  home  practice,  with  re-, 
sultant  prosperity,  opportunity,  and  happiness.  The  effort  is 
to  get  general  adoption  of  the  methods  which  have  proved  most 
successful,  and  which  are  already  being  followed  by  the  more 
progressive.  It  is  evident  that  no  paid  staff  could  be  large 
enough  or  uniformly  acceptable  enough  to  accomplish  this  by 
the  direct  teaching  of  all  farmers.  The  time  and  abilities  of 
the  College  and  county  staffs  must  be  given  to  training  demon- 
strators and  creating  nuclei  of  sound  practice  in  all  parts  of 
the  State.  The  quickness  of  ultimate  acceptance  of  their  prac- 
tices will  come  in  direct  proportion  to  the  number  and  effective- 
ness of  the  co-operating  demonstrators.  Probably  it  is  safe  to 
say  that  no  funds  expended  by  the  State  give  such  far-reaching 
dividends  in  education  as  those  used  in  support  of  this  co-opera- 
tive Extension  system. 

Staff  Changes  Fewer  than  Last  Year. 
The   last   annual   report    of   the   Director  of   the   Extension 
Service  closed  with  the  following :  — 

Looking  forward  to  the  new  year  our  principal  need  is  for  men  and 
women  of  experience  and  capacity  who  can  take  up  the  work  interrupted 
by  resignations,  and  who  can  be  sufficiently  supported  to  enable  their 
continuance  with  us  for  more  than  a  brief  time. 

It  is  pleasing  to  report  that  this  need  has  in  part  been  met. 
Only  five'  resignations,  involving  three  positions,  are  to  be  re- 
ported in  the  professional  staff,  and  the  clerical  staff  has  been 
quite  constant.  No  changes  have  occurred  in  the  staff  of  the 
county  agricultural  agents;  only  two  in  the  staff  of  county  club 
agents;    and  nine  in  the  staff  of  home  demonstration  agents. 

It  is  in  the  latter  field,  with  three  State  leaders  in  service 
during  the  year,  and  with  nine  resignations  of  home  demonstra- 
tion agents,  that  serious  disturbance  to  work  has  occurred.  To 
offset  this  a  most  encouraging  factor  is  noted  in  the  determina- 
tion of  the  women  in  the  counties  that  work  shall  continue,  and 
in  a  greater  effort  on  their  part  in  undertaking  the  necessary 
tasks  of  volunteer  and  unpaid  teaching. 
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It  is  also  worthy  of  note  that  relations  with  other  State  and 
county  agencies  are  cordial  and  co-operative.  Every  effort  is 
being  made  to  define  programs  of  work  and  discuss  possible 
overlapping  of  efforts  with  these  other  agencies.  It  is  increas- 
ingly evident  that  Smith-Hughes,  or  vocational  work,  and 
Smith-Lever,  or  Extension  work,  occupy  separate  fields,  with 
only  a  slight  marginal  overlapping;  also  that  in  function  there 
should  be  the  closest  co-operation  and  frequent  interchanges 
of  service  between  these  two  staffs. 

Results  of  Reduced  Appropriations. 

The  State  appropriation  for  Extension  work  for  1921  was 
12.8  per  cent  less  than  that  for  the  year  1920.  Not  only  were 
our  State  funds  reduced,  but  our  Federal  funds  were  decreased 
automatically  by  the  new  census.  As  a  result,  we  have  been 
obliged  to  continue  to  leave  five  former  positions  unfilled,  em- 
ploy none  of  the  workers  urgently  needed  in  some  of  the  newer 
fields,  keep  all  our  traveling  staff  at  home  from  four  to  six 
weeks,  retard  the  development  of  our  correspondence  courses, 
withdraw  from  the  field  of  exhibits  at  the  fall  fairs,  reduce  the 
scope  of  our  Summer  Farmers'  Week,  and  curtail  work  in  many 
minor  details.  As  a  result  of  this  economy  we  have  finished 
the  year  with  a  balance  of  $2.97. 

At  present  our  ability  to  render  effective  service  to  the  people 
of  the  State  is  seriously  crippled.  For  the  preparation  of 
Extension  material  and  the  rendering  of  specialist  service  in 
the  fields  of  rural  engineering,  animal  and  poultry  diseases, 
plant  diseases,  insect  pests,  floriculture,  forestry,  and  household 
management  we  have  to  depend  on  resident  teaching  and  the 
Experiment  Station  staffs,  already  overloaded,  or  decline  the 
opportunity  altogether.  Persistent  demands  in  these  fields  in- 
dicate the  need  of  Extension  specialists.  It  is  not  our  belief 
that  multiplication  of  specialists  in  a  single  field  is  either  de- 
sirable or  justifiable;  one  good  specialist  in  each  field  should 
suflBce  to  prepare  the  material,  train  and  support  our  county 
agents  and  co-operating  demonstrations,  and  lead  the  Extension 
work  in  his  or  her  field.  It  is  futile,  however,  to  discuss  any 
enlargement  of  staff  unless  adequate  maintenance  funds  are 
given  to  allow  such  staff  members  as  w^e  have  to  work  effec- 
tively. 
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Need   for   Permission  to   use   Revenues   as   Circulating 

Funds. 
A  part  of  this  difficulty  would  be  overcome  if  the  Extension 
Service  were  allowed  the  use  of  its  revenues  as  circulating  funds. 
A  much  wider  use  of  our  published  material  would  be  possible 
and  the  increased  service  could  be  made  self-supporting.  Illus- 
trative material  to  support  demonstrations  could  be  made  and 
used  in  much  larger  quantities,  without  increased  cost  to  the 
State;  the  educational  camps  during  the  summer  could  be 
greatly  increased  and  put  on  a  self-supporting  basis;  the  land- 
scape work  with  small  towns  and  communities  could  be  doubled 
in  volume;  a  self-supporting  film  library  of  agricultural  ma- 
terial could  be  built  up;  exhibits  could  be  again  prepared  and 
furnished  at  cost  to  the  organizations  desiring  them;  and  in 
such  special  fields  as  poultry  disease  identification  and  prophy- 
laxis the  staff  could  be  increased  or  decreased  according  to 
need,  with  reduced  cost  to  the  State.  The  Commonwealth  is 
now  limiting  the  fullest  productivity  of  its  funds  when  materials 
worth  using  can  be  produced  in  limited  quantities  only,  and 
cannot  be  further  produced  for  sale  to  those  who  would  pay 
for  them.  It  seems  most  unfortunate  that  the  College  is  unable 
because  of  these  legislative  restrictions,  to  give  the  people  of 
the  State  an  educational  service  for  which  they  are  willing  to 
pay. 

Principal  Needs. 
The  principal  needs  of  the  Extension  Service  are  adequate 
maintenance  funds  to  make  effective  the  work  of  such  staff  as 
we  have,  and  legislation  to  permit  the  use  of  revenues  in  certain 
activities  as  revolving  funds.  I  omit  emphasis  this  year  on  the 
need  of  new  specialists  in  fields  where  calls  are  pressing,  as  in- 
dicated earlier  in  this  report. 

John  D.  Willard, 
Director  of  the  Extension  Service. 
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Report  of  the  Director  of  the  Graduate  School. 

The  Graduate  School  has  many  problems  which  vitally  in- 
fluence it.  For  reasons  which  need  not  be  mentioned,  it  is  best 
that  they  be  taken  up  one  at  a  time.  In  this  report  the  writer 
would  like  to  consider  the  fundamental  or  basic  as  it  pertains 
to  agriculture  and  agricultural  education  of  graduate  grade. 

General. 

It  is  commonly  accepted  that  professions,  vocations,  or  call- 
ings of  any  nature  require  different  subject-matter,  and,  to  a 
limited  extent,  different  training  for  preparation.  While  sub- 
ject-matter must  vary  widely  to  meet  the  purposes,  training, 
which  is  more  of  a  common  element  running  through  all  sub- 
jects, may  not  vary  so  much. 

In  the  case  of  the  ministry  applied  work  is  found  in  the  theo- 
logical seminary,  while  the  general  basis  and  cultural  courses  in 
college  precede  the  seminary  courses.  With  the  law  there  is  a 
very  similar  arrangement,  —  the  law  studies  are  given  in  a  law 
school  following  a  general  collegiate  course.  Medicine  is  drift- 
ing in  the  same  direction,  so  that  the  best  medical  schools  at 
the  present  time  call  for  collegiate  training  of  four  years,  and 
even  specify  some  particular  subject  requirements.  Engineer- 
ing has  not  gone  quite  so  far,  but  in  reality  is  fostering  much 
the  same  method  of  education.  While  there  are  short-cut  pos- 
sibilities, the  results  are  so  much  in  favor  of  the  general  col- 
legiate training  followed  by  specific  professional  or  vocational 
training  that  the  only  objections  raised  are  time  and  expense. 
Can  agriculture,  in  many  respects  a  much  more  gigantic  pro- 
fession than  any,  do  less?  It  will  doubtless  for  many  years  to 
come  have  to  proyide  education  for  all  grades  and  all  types  of 
individuals,  but  ought  this  essential  profession  and  industry 
neglect  its  growth  and  its  future  possibilities,  when  already  the 
human  family  has  been  made  to  appreciate  its  limitations  for 
supplying  food? 

At  this  moment  let  it  be  understood  the  writer  is  not  dealing 
with  farm  labor,  "recipe"  or  artisan  farmers,  or  with  any  other 
set  of  individuals  working  in  agriculture,  who,  through  choice 
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or  unfortunate  conditions,  have  elected  to  be  automata,  routine 
performers,  or  mechanical  human  entities,  and  who  simply 
learn  to  do  a  thing  and  then  work  because  society  so  ordains. 
They  too  deserve  every  consideration.  Every  profession  has 
this  type  of  man,  —  the  ministry,  medicine,  law,  and  engineer- 
ing, as  well  as  many  others,  but  the  advancement  of  the  pro- 
fession and  its  contribution  to  society  cannot  be  said  to  lie 
with  these  classes.  Doubtless  the  self-claimed  agent  as  the 
anointed  of  God,  the  community  "wiseacre"  who  dispenses 
law  to  his  neighbor  without  an  actual  knowledge  of  it,  the 
grandmother  panacean  physician  who  does  not  hesitate  to  take 
the  responsibility  for  all  community  diagnoses  and  treatments 
in  care  of  all  ailments,  and  the  pseudo-engineer  who  imposes 
himself  upon  every  automobilist  or  farmer  as  a  heaven-born 
mechanical  and  electrical  genius  have  their  place  in  maintaining 
the  equilibrium  of  society  and  satisfying  its  whims,  as  a  drag 
to  a  ship  which  should  not  proceed  too  fast  among  dangerous 
shoals.  They  are  so  ignorant  that  they  are  not  aware  of  it,  and 
not  for  a  minute  do  they  doubt  their  wisdom.  Society  as  a 
unit  or  taken  as  a  whole  cannot  be  much  in  advance  of  this 
average  stage,  otherwise  such  assumptions  would  not  be  toler- 
ated. 

Agriculture  labors  under  many  disadvantages.  It  can  use 
workers  of  the  lowliest  order  and  every  grade  to  the  highest 
order.  Comments,  therefore,  bearing  upon  the  professional 
features  of  agriculture  are  confused  because  they  are  not  de- 
fined by  restricted  applications.  Agriculture,  too,  is  so  big 
that  no  mind  can  encompass  the  entire  expanse;  accordingly, 
specialization  has  a  tendency  to  make  of  it  a  battlefield  for  fac- 
tions, each  faction  —  whether  farmers,  pseudo-farmers,  business 
men,  bankers,  politicians,  statesmen,  professional  men,  teachers^ 
or  investigators  —  thinking  its  approach  the  only  safe  and  sane 
approach,  and  its  solutions  for  the  problems  of  agriculture  the 
only  proved  answers.  To  partisans  in  agriculture,  likewise 
to  factions,  and  especially  to  the  wiseacres,  the  panacean 
individuals,  to  the  self-anointed  of  God,  and  to  the  pseudo- 
types  who  are  no  nearer  agriculture  than  the  mountain  top  is 
to  the  plain,  permit  it  to  be  said  that  human  limitations  are 
only  exceeded  by  ignorance.     Agriculture  has  depths  untouched 
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and  expanses  unexplored.  Agriculture  has  no  truly  thought 
policies  (scientific  theories)  or  business  policies  because  of  its 
many  reaches  and  the  paucity  in  its  strictly  scientific  attempts. 
Agriculture  suffers  from  its  magnitude  because  the  men  occupied 
with  its  advancement  cannot  stop  to  discover  its  depths  and 
have  to  spread  themselves  so  thinly  over  its  surface  that  they 
have  no  time  to  observe  details.  Agriculture  is  crying  for 
more  men  who  are  so  highly  trained  that,  no  matter  in  what 
division  of  labor  they  find  themselves,  they  will  not  only  ap- 
preciate agriculture  and  its  difficulties,  but  will  contribute  re- 
sults of  value  in  their  particular  niche. 

In  surveying  and  interpreting  agriculture  comprehensively 
there  are  three  grand  divisions:  the  manufacturing  or  produc- 
tive end,  the  managing,  sales,  or  commercial  aspect,  and  the 
social  phase.  Agriculture  therefore  becomes  technical  and  sci- 
entific, economic  and  sociological. 

With  this  setting  it  may  be  possible  to  promulgate  a  con- 
sideration of  the  basic  education  in  agriculture  for  the  prepara- 
tion of  a  man  who  can  contribute  to  agricultural  progress  or 
advancement. 

The  Fundamental  or  Basic  Development  in  Agricul- 
tural Education. 

In  order  to  outline  and  define  any  position  effectively  in 
agricultural  education,  it  seems  necessary  to  mention  the  old 
and  much-discussed  division  in  education,  —  cultural  and  utili- 
tarian. Since  our  study  is  mainly  one  of  the  utilitarian,  it  is 
very  desirable  that  an  attempt  at  least  be  made  to  describe 
what  is  meant  by  cultural,  in  which  we  may  not  all  agree. 

The  Cultural  in  Education.  —  Culture  includes  man's  capacity 
for  sympathy  and  appreciation,  —  sympathy  as  a  reaction 
which  results  from  similar  experiences  or  feelings;  and  apprecia- 
tion as  a  consequence  of  actual  knowledge  of  man  and  his 
accomplishments,  together  with  the  great  objective  world  as  a 
background.  From  this  it  follows  that  a  cultured  man  must 
be  truly  in  sympathy  with  all  of  his  fellow  men  and  appreciate 
their  interests,  their  motives,  and  their  actions.  Culture,  there- 
fore, reaches  into  the  arts,  the  sciences,  literature,  history, 
economics,  business,  politics  —  in  fact,  it  assumes  an  acquaint- 
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ance  with  all  branches  of  knowledge,  with  all  activities  of  men, 
and  with  all  the  finer  feelings  of  their  souls. 

It  appears  in  men  in  different  degrees  as  does  the  utilitarian. 
Perhaps  it  may  be  safely  said  that  these  two  objects  of  educa- 
tion should  be  happily  blended.  Pertinently  may  it  be  added, 
in  a  negative  sense:  An  education  without  idealism,  without  a 
motive  beyond  the  acquiring  of  a  sordid  dollar,  without  the 
translation  of  effort  into  terms  of  something  other  than  bar- 
gaining, and  without  an  endeavor  to  understand  those  agencies 
which  have  been  utilized  to  raise  man  out  of  his  morbid  animal 
self  to  realms  of  pure  enjoyment  and  improvement,  cannot  be 
said  to  be  cultural. 

The  Fundamental  and  Basic  in  Agricultukal  Education 
AS  interpreted  mainly  from  the  Utilitarian  Viewpoint. 

The  principal  function  of  a  Graduate  School  in  an  agricul- 
tural college  is  to  prepare  men  to  master  the  problems  of  agri- 
culture from  the  side  of  production,  of  commerce,  and  of  society 
in  an  agricultural  atmosphere.  Men  thus  prepared  must  be 
able  to  solve  the  problems  satisfactorily  and  not  dawdle  over 
them  because  of  lack  of  training  and  understanding.  The 
limitations  in  training  and  education  should  never  be  recognized 
as  an  excuse,  although  there  may  be  many  other  extraneous 
causes  for  inefficiency.  This  statement  applies  to  investiga- 
tions, to  teaching,  and  to  expert  services  in  the  many  lines  of 
agriculture. 

In  preparing  young  men  for  such  tasks,  no  element  seems 
more  important  than  a  properly  conceived  foundation,  —  a 
basis  which  removes  as  many  restrictions  to  action  as  possible 
and  which  serves  as  a  starting  point.  That  the  products  result- 
ing from  a  truly  basic  training  and  from  an  education  without 
basic  training  differ  in  their  capacity  for  efficiency  in  those  lines 
of  action  for  which  preparation  has  been  made,  if  properly 
judged,  there  can  be  not  the  slightest  doubt. 

The  inherent  value  of  such  training  is  ascribed  to  the  follow- 
ing reasons: — 

1.  Growth  and  unimpeded  action  by  the  human  agent  are 
dependent  on  it. 
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2.  Agriculture  advances  by  what  is  found  in  it,  and  it  takes 
its  position  in  the  world  by  or  on  account  of  these  intrinsic  val- 
ues, thus  acquiring  tone,  place,  and  attraction  through  real 
merit. 

Formal  education  in  agriculture  has  to  deal  with  two  classes 
of  fundamental  subjects :  — 

1.  Such  basic  subjects  as  are  primary  and  more  or  less  com- 
monly important  to  all  studies. 

2.  Such  subjects  as  are  restricted  and  are  only  specifically 
basic  to  limited  study  ranges  and  even  to  single  subjects. 

From  this  arrangement  it  is  at  once  gathered  that  certain 
subjects  may  stand  by  themselves,  isolated  or  more  or  less  un- 
related, while  at  the  other  extreme  very  little  can  be  gained 
without  passing  through  a  long  series  of  preparatory  and  de- 
velopmental subjects.  Then  there  are  all  grades  of  subject 
requirements  existing  between  these  two  extremes.  Agricul- 
ture is  concerned  with  all  grades  or  types  of  basic  study.  To 
put  them  in  a  single  cast,  or  to  base  conclusions  upon  any  one 
or  several  of  them,  may  be,  from  the  very  nature  of  the  case, 
very  misleading  and  unsound. 

Any  scheme  that  may  be  offered  will  be  faulty,  but  an  ap- 
proach may  be  attempted.  Too  many  factors,  both  known 
and  unknown,  enter  in,  and  these  known  factors  cannot  be  pre- 
sented in  this  report;  in  fact,  a  very  extensive  and  exhaustive 
treatment  is  called  for  here.  My  purpose,  under  the  circum- 
stances, will  be  suggestive,  approximating  the  true  conditions 
as  nearly  as  feasible. 

Before  offering  the  specific  scheme,  it  will  be  only  just  to  say 
emphatically  that  a  man  trained  for  efficiency,  and  efficiency 
only,  having  no  other  objective  in  mind,  can  never  breathe  the 
breath  of  life  into  agriculture  in  a  soulful  manner.  There 
should  accompany  the  efficiency  ideal  the  cultural  with  its 
spiritual  interpretations.  Even  then  the  cultural  will  fall  far, 
far  short  because  it  is  so  narrowly  bounded. 

The  basic  or  fundamental  from  the  utilitarian  standpoint 
cannot  be  brought  out  forcefully  unless  there  is  an  analysis 
along  a  single  channel  to  make  clear  the  concept  advanced. 
This  will  be  done  by  subjects  now  available  in  College. 
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Group  I.    Generally  and  Essentially  Fundamental. 
English. 
Spoken  —  written  (spelling,  reading,  writing,  composition) . 
The  medium  of  thought-transmission  for  English-speaking  peoples. 
Accuracy  in  thought-transmission  is  dependent  upon  accuracy  in  lan- 
guage and  standardization. 

French  and  German. 

The  more  proficient  the  student  is  in  reading,  writing,  and  speaking, 
the  more  valuable  is  the  language. 

These  languages,  when  acquired,  will  extend  the  values  of  English  from 
50  to  100  per  cent  in  knowledge  and  efficiencj^ 

Mathematics. 

Arithmetic,  algebra,  geometry,  trigonometry,  analytical  geometry, 
calculus. 

Mathematics  is  the  mechanism  of  quantity,  direction,  space,  and  time 
which  enters  into  every  measurement,  calculation,  and  estimate.  Every 
problem  of  life  which  is  considered  seriously  is  interwoven  with  this 
mechanism.  "Conterminous  with  space  and  coeval  with  time  is  the 
kingdom  of  mathematics;  within  this  range  her  dominion  is  supreme; 
otherwise  than  according  to  her  order  nothing  can  exist,  nothing  takes 
place  in  contradiction  to  her  laws." 

Physics  and  Chemistry. 

Nature  of  matter,  reactions  of  matter,  energy,  heat,  light,  electricity, 
sound. 

The  laws  of  matter  and  force,  the  understanding  of  material  nature 
and  the  universe,  and  the  direction  of  concrete  existence  focus  in  physics 
and  chemistry. 

Group  II.    Pertinently  Fundamental. 
Biology. 
Botany,  entomology,  microbiology,  zoology;  life,  growth,  food,  change, 
diseases. 

The  morphology  and  systematic  study  of  living  forms  and  their  physi- 
ology. Factors  which  condition  life  make  for  growth,  control,  and  ex- 
tinction. Health,  nourishment,  protection,  and  material  happiness  find 
their  origin  here. 

Geology. 
The  earth,  its  genesis,  its  structure,  its  forces,  its  changes. 
This  subject  involves  the  preceding  subjects   and   composes  them 
in  the  interpretation  of  our  mother  earth. 
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Group  III.    Issues  and  Applications. 

Class  1.  Applied  Sciences.  —  Mathematics,  physics,  chemistry,  micro- 
biology, botany,  entomology,  zoology,  pathology,  veterinary  science. 

Class  2.  Technical  Vocations.  —  Agronomy,  animal  husbandry,  dairy 
husbandry,  poultry  husbandry,  pomology,  market  gardening,  floricul- 
ture, horticultural  manufactures,  landscape  gardening,  farm  manage- 
ment, rural  engineering. 

These  are  basicly  the  same :  class  1  enters  class  2  for  the  definite  pur- 
pose of  scientific  efficiency,  and  class  2  leads  to  a  very  definitely  evolved 
goal.    Both  classes  fuid  their  energizing  values  in  Groups  I  and  II. 

Group  IV.    The  Human  or  Social  Complex. 

Literature,  histoiy,  governments,  economics,  education,  sociology, 
art,  etc. 

Cultural  and  applied,  subjective  and  objective  (somewhat)  in  their 
approach,  essential  to  intercourse  and  expressive  of  society,  these  subjects 
become  truly  issues  with  some  basic  values,  and  should  be  objectively 
founded  and  spiritually  exploited.  Much  force  is  contributed  to  this 
group  by  social  contacts  throughout  life,  and  much  of  the  training  ema- 
nating from  them  may  be  and  is  obtained  beyond  school  or  college  walls. 

Some  Specific  Considerations. 

There  is  a  wide  difference  between  a  student  fundamentally 
trained  and  one  without  such  training.  Likewise  the  difference 
between  one  trained  wholly  from  the  utilitarian  standpoint  and 
one  possessing  the  values  of  cultural  training  is  conspicuous. 
The  latter,  however,  enters  into  our  considerations  only  in- 
cidentally, and  will  not  be  illustrated. 

Students  in  a  class  without  fundamental  training  when  asked 
certain  questions  of  everyday  importance  will  display  answers 
shooting  in  every  direction  as  a  loose  lot  of  skyrockets  set  off 
without  direction  or  control.  On  the  other  hand,  students 
who  have  had  genuine  basic  training,  will,  by  a  process  of  di- 
rect utilization  of  laws,  principles  or  policies,  and  facts,  confine 
their  reasoning  within  established  limitations.  This  has  wide 
application  not  only  in  the  practices  of  agriculture  but  within 
every  w^alk  of  life.  In  spite  of  the  contention  of  very,  very 
practical  men  that  they  want  only  practical  things,  which  are 
usually  unrelated,  promulgated  in  our  educational  system,  they 
themselves  —  these  very,  very  practical  men  —  are  constantly 
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employing  policies  unconsciously  which,  if  they  were  analyzed, 
would  be  found  responsible  for  their  success  and  generally  lim- 
ited activities.  They  will  discuss  them  with  you  if  they  are 
drawn  out  in  the  right  way.  They  themselves  are  under  the 
spell  of  what  they  attempt  to  condemn.  Basic  training  gives 
well-established  thought-policies  and  act-policies  for  the  guidance 
of  students  and  of  men.  Failure  most  frequently  results  from 
incapacity  to  relate  thoughts  and  actions  to  established  laws, 
principles,  or  policies. 

Ask  a  class  of  untrained  students  why  sugar  beets  with  a 
high  content  of  cane  sugar  will  not  grow  and  produce  sugar  if 
covered  over  with  a  thick  layer  of  straw,  the  replies  will  be 
impertinent,  irrelevant  hearsay,  unintelligible,  haphazard,  in- 
discriminate, and  indifferent.  Ask  the  same  question  of  a  class 
of  students  basicly  trained,  and  the  answers  will  proceed  cau- 
tiously and  rationally.  In  the  first  place,  their  answers  will  be 
restricted  within  certain  limitations.  Within  the  limitations 
the  factors  of  growth  appear  one  by  one  in  their  minds,  and 
are  weighed  against  the  conditions  named  in  the  question. 
When  each  factor  has  been  carefully  and  critically  reviewed 
and  a  result  secured,  they  then  put  these  results  together  in  a 
reply  covering  the  question.  Their  minds  operate  by  analysis 
and  synthesis  in  the  light  of  a  knowledge  of  the  facts  available. 
If  every  factor  can  be  subjected  to  their  operating  mental  process, 
and  carefully  adapted,  their  answers  cannot  be  far  from  wrong. 
Specific  and  detailed  information  enters  into  their  consideration 
in  the  same  manner  as  in  the  case  of  a  successful  contractor. 
They  have  acquired  a  knowledge  of  the  relation  of  sunlight,  of 
carbon  dioxide,  and  water  to  the  sugar  beet  with  its  sugar  for- 
mation; the  need  of  oxygen,  the  influence  of  moisture  and 
evaporation,  not  only  to  the  beet  plant  but  to  the  fertility  of 
the  soil;  the  relation  of  the  roots  of  the  beet  plant  to  the  needs 
of  nutrition;  the  elements  essential  to  nutrition,  and  the 
changes  that  take  place  in  the  plant  through  the  agency  of 
chlorophyll  and  protoplasm.  In  short,  the  entire  range  of 
plant  growth  as  applied  to  the  sugar  beet,  with  especial  refer- 
ence to  its  growth  and  production  of  sugar,  becomes  the  basis 
for  the  answer  given;  in  other  terms,  a  familiar  knowledge  of 
botany,    physics,    chemistry,    microbiology,    and    mathematics 
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may  and  does  consciouslj'^  and  unconsciously  influence  the 
character  of  the  answer,  particularly  if  considered  intimately 
and  quantitatively. 

The  same  class  of  problems,  of  course,  with  different  subjects,, 
confronts  every  man,  whether  he  be  a  banker,  a  statesman,  a 
politician,  a  merchant,  a  manufacturer,  a  skilled  workman,  or  a 
common  laborer.  Not  only  are  his  problems  the  problems  of 
his  vocation,  profession,  or  business,  but  they  are  the  problems 
of  living  —  of  his  relation  to  society,  to  State,  and  to  the  Na- 
tion. Is  the  man  to  solve  his  problems  with  impulse  and 
spontaneity,  with  haphazardness  and  indiscrimination,  and  Avith- 
out  basic  training  leading  to  solution,  or  is  he  to  solve  them  in 
the  light  of  established  facts  and  rational  inquiry?  Shall  we 
train  students  to  be  simply  human  tools,  or  shall  we  strive  to 
make  of  men  intelligent  workers  with  capacity  to  spiritualize 
their  efforts?  Is  it  the  function  of  the  Agricultural  College  and 
the  Graduate  School  to  prepare  the  artisan  type  of  man  for 
agriculture,  or  strive  to  train  a  man  to  be  a  man  who  can  assist 
in  making  agriculture  a  real  profession  and  a  real  industry 
rather  than  a  mere  trade  without  incentive  other  than  pecuni- 
ary returns,  and  who  can  spiritualize  agriculture  into  attrac- 
tiveness? 

Charles  E.  Marshall, 

Director  of  the  Graduate  School. 


Report  of  the  Director  of  Short  Courses. 

Under  Short  Course  administration  the  following  schools  and 
courses  were  offered  during  1921:  — 

(1)  The  Two- Year  Course  in  Practical  Agriculture,  (2)  the 
Ten  Weeks'  Winter  School,  (3)  the  Summer  School,  (4)  two 
Vocational  Poultry  Courses,  one  starting  in  September  and  the 
other  in  January,  (5)  the  School  of  Rural  Home  Life,  and  (6) 
Unit  Courses  for  disabled  veterans,  sent  to  this  College  by  the 
Veterans'  Bureau,  for  instruction  in  English,  arithmetic,  and 
agricultural  and  horticultural  subjects. 

The  number  enrolled  in  Short  Courses  this  year  was  approxi- 
mately the  same  as  for  1920,  as  may  be  seen  from  the  follow- 
ing table :  — 
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1918. 

1919. 

1920. 

1921. 

Two-Year  Course 

37 

238 

288 

293 

Ten  Weeks'  Winter  School       .... 

91 

63 

112 

83 

Summer  School 

68 

238 

322 

353 

School  for  Country  Clergymen 

- 

- 

19 

Vocational  Poultry  Course       .... 

5 

13 

19 

26 

That  the  student  body  is  comparatively  mature  is  shown  by 
the  tables  giving  the  age  of  students  enrolled  in  the  Two-Year 
Course  in  1 920-2  L 


1920. 

1921. 

Age  (Years). 

Number. 

Per  Cent. 

Number. 

Per  Cent. 

17 

19 

6.7 

15 

5.4 

18 

33 

11.3 

25 

8.3 

19 . 

34 

12.0 

43 

14.3 

20 

36 

13.0 

40 

13.3 

21 

26 

9.0 

24 

9.9 

22 

24 

8.0 

17 

5.8 

23 

19 

7.0 

17 

5.8 

24 

14 

5.0 

14 

4.6 

25  and  o%'er 

75 

28.0 

98 

32.6 

280 

100.0 

293 

100.0 

It  was  found  necessary  to  reorganize  the  Two-Year  Course. 
Under  the  old  plan  of  one  general  course,  with  few  electives, 
many  students  were  taking  subjects  in  which  they  were  not 
interested.  Under  the  new  plan  there  are  seven  groups  of 
electives,  having  for  their  purpose  the  preparation  of  students 
for  specific  vocations. 

The  following  are  the  seven  groups  now  available  to  the 
students  in  the  Two-Year  Course:  animal  husbandry,  poultry 
husbandry,  dairy  manufactures,  general  horticulture,  pomology, 
floriculture,  and  vegetable  gardening. 

The  work  of  reorganization  was  done  by  the  several  depart- 
ments and  divisions  in  co-operation  with  the  Director  of  Short 
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Courses.  The  reorganized  course  was  then  submitted  to  the 
President  for  final  action.  The  reorganization  of  the  course 
seems  to  have  met  the  approval  of  both  the  faculty  and  the 
student  body. 

No  modification  has  been  made  in  the  organization  of  either 
the  Summer  School  or  the  Winter  School. 

Housing.  —  We  have  reached  practically  our  maximum  of 
service  to  the  State  in  resident  instruction  in  the  Short  Courses, 
until  some  provision  is  made  for  the  housing  of  part  of  the  stu- 
dent body  on  the  campus.  During  the  regular  year,  from  Sep- 
tember to  June,  the  most  practical  time  for  offering  Short 
Courses,  students  who  are  here  throughout  the  year  have  se- 
cured practically  all  the  desirable  rooms  near  the  College.  The 
result  is  that  the  more  mature  students  who  come  in  for  the 
Winter  School  find  it  necessary  to  go  a  long  way  from  the  Col- 
lege to  secure  rooms.  It  is  not  advisable  to  encourage  students 
to  come  here  for  the  winter  session  unless  they  can  be  com- 
fortably housed.  The  solution  of  this  problem  lies  in  the  build- 
ing of  a  dormitory  for  the  housing  of  a  part  of  the  regular 
four-year  student  body,  thus  making  more  rooms  available 
for  rental. 

Future  Developments.  —  In  the  further  development  of  Short 
Courses,  the  need  for  specialized  instruction  to  groups  of  men 
and  women  actually  engaged  in  some  particular  farm  occupa- 
tion will  have  to  be  recognized.  The  Division  of  Horticulture, 
under  the  leadership  of  Prof.  Frank  A.  Waugh,  is  organizing 
such  a  specialized  course  this  year  in  co-operation  with  the 
New  England  Nurserymen's  Association  and  the  Massachu- 
setts Nurserymen's  Association.  Students  who  take  this  special 
course  for  nurserymen  are  required  to  have  already  had  prac- 
tical experience  before  entering.  The  course  is  limited  to 
twenty-five  students. 

Service  of  the  College  in  the  Rehabilitation  of  Disabled  Veter- 
ans. —  This  College  was  one  of  the  first  agricultural  institu- 
tions to  undertake  rehabilitation  work  for  disabled  veterans  of 
the  World  War.  At  this  institution  the  Unit  Courses  for  vet- 
erans who  had  not  had  a  common  school  education  were  first 
organized.  These  Unit  Courses  included  elementary  courses  in 
English,   arithmetic,   poultry,   dairying,    soils   and   crops,   rural 
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engineering,  animal  husbandry,  pomology,  general  horticulture, 
vegetable  gardening,  and  floriculture.  The  plans  developed 
here  were  utilized  in  other  schools  and  colleges  throughout  the 
country.  It  was  necessary  to  provide  these  special  courses  for 
the  veterans  who  had  not  had  a  common  school  education, 
because  at  the  time  they  were  provided  there  were  no  prevo- 
cational  schools  to  give  elementary  education  in  English  and 
arithmetic.  During  the  past  three  years  many  prevocational 
schools  have  been  organized  so  that  disabled  men  may  secure 
training  in  English  and  arithmetic  in  these  schools,  I  am 
recommending,  therefore,  that  the  Unit  Courses  in  this  institu- 
tion be  discontinued  after  June  30,  1922.  During  the  three 
years  we  have  carried  on  the  work  of  rehabilitation,  approxi- 
mately 500  disabled  men  have  been  enrolled  in  the  College. 

Supervision  of  Farm  Practice  and  Employ mefit.  —  The  super- 
vision of  students  in  the  Two-Year  Course,  during  the  six 
months  they  are  required  to  take  farm  experience,  is  under  the 
able  direction  of  Mr.  Paul  W.  \  lets.  Mr.  Viets  has  worked 
out  an  excellent  plan  of  supervision  during  the  farm  practice 
period.  The  record  he  keeps  of  the  students'  work  is  such  that 
he  can  give  definite  and  reliable  information  to  any  emploj-er. 

John  Phelan, 

Director  of  Short  Courses. 
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TABLES  AND  STATISTICS. 


Table  I.  —  Resignations. 


Position. 


Name. 


Library  assistant  ........ 

Stenographer,  Department  of  Rural  Home  Life 
Matron,  women's  dormitory       ...... 

Clerk,  Department  of  Microbiology 

Clerk,  E-xtension  Service 

Field  agent 

Research  professor  of  botany      ...... 

Instructor  in  mathematics  ...... 

Clerk,  Department  of  Microbiology  and  Graduate  School 

Supervisor,  home  demonstration  projects 

Stenographer,  Division  of  Agriculture        .... 

Instructor  in  entomology 

Honorary  director  of  the  Graduate  School 

Librarian 

Supervisor  of  Extension  schools  and  exhibits     . 
Clerk,  Department  of  Physical  Education 

Stenographer,  President's  office 

Curator,  Department  of  Botany 

Stenographer,  President's  office 

Stenographer,  Division  of  Agriculture        .... 
Stenographer,  treasurer's  office  ...... 

Stenographer,  Experiment  Station 

Investigator  in  chemistry 

Library  assistant 

Stenographer,  Extension  Service 

Clerk, treasurer's  office 

Instructor  in  microbiology  ...... 

Professor  of  poultry  husbandry 

Extension  assistant  professor  of  landscape  gardening     .   . 
Clerk,  Short  Courses 


Florence  Archibald. 
May  G.  Arthur. 
Mrs.  Jessie  Bacharach. 
Mrs.  Celena  M.  Baxter. 


Mrs.  Carolyn  E.  Butter- 

WQTth. 

George  M.  Campbell. 


George  H.  Chapman. 
Francis  P.  Clark. 
Elizabeth  Coleman. 
Laiu-a  Comstock. 
Irene  Crutch. 
William  L.  Dowd. 
Charles  H.  Fernald.i 
Charles  R.  Green. 
Robert  D.  Hawley. 
E.  Franklin  Holland. 
Mary  E.  Horton. 
Marguerite  G.  Ickis. 
Ruth  Leban. 
Aline  J.  Legare. 
Marion  B.  Macarty. 
Rebecca  L.  Mellor. 
Anne  C.  Messer. 
Katherine  Middleton. 
Doris  Millett. 
Mrs.  Jessie  A.  Neill. 
James  M.  Neill. 
Loyal  F.  Payne. 
William  E.  Philbrick. 
Mildred  Pierpont. 


1  Died  Feb.  22,  1921. 
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Table  I.  —  Resignations  —  Concluded. 


1 —  — ■ : — —  ■ .   . —■ r— 

Position. 

Name. 

Private  secretary,  Division  of  Rural  Social  Science  .... 

Assistant  professor  of  entomology 

Assistant  supervisor,  State  home  demonstration  projects 

Clerk,  dean's  office 

Clerk,  Extension  Service 

Stenographer,  Department  of  Dairying 

Stenographer,  President's  office 

Stenographer,  Department  of  Agricultural  Economics 

Professor  of  economics  and  sociology 

Instructor  in  home  economics 

Instructor  in  physics 

Instructor  in  dairying 

Foreman,  Department  of  Floriculture 

Helen  M.  Rand. 
William  S.  Regan,  i 
Marie  Sayles. 
Mrs.  Mary  I.  Shore.  = 
Sadie  Shores. 
Clara  Smith. 
Elsie  M.  Smith. 
Mary  A.  Smith. 
Robert  J.  Sprague. 
Mrs.  Julia  G.  Strahan. 
Alfred  L.  Tower. 
Glen  E.  Upton. 
James  Whiting. 

1  Resignation  to  take  effect  Dec.  31,  1921. 

2  Died  Jan.  20,  1921. 


Table  II.  —  Neiv  Appointments. 
A.     In  the  Academic  Departments. 


Position. 


Name. 


Degrees. 


Instructor  in  physics 

Instructor  in  microbiology 

Instructor  in  English 

Instructor  in  physical  education 

Assistant  professor  of  agronomy 

Instructor  in  poultry  husbandry 

Instructor  in  microbiology 

Assistant  professor  of  animal  hus- 
bandry. 

Instructor  in  home  economics 

Instructor  in  vegetable  gardening 
Instructor  in  agronomy   . 
Instructor  in  agricultural  economics 
Instructor  in  physical  education 
Assistant  professor  of  agronomy 


George  W.  Alderman 
Roy  C.  Avery 
Carl  M.  Bogholt    . 
Llewellyn  L.  Derby 
Wallace  C.  Forbushi 
Earl  A.  Garde  i      . 
Mary  E.  M.  Garveyi 
Guy  V.  Glatfelter 

Olga  Grizzle  . 

Harvey  F.  Jenkins  i 
Marshall  O.  Lanphear 
John  J.  Maginnis  . 
Elton  J.  Mansell    . 
Charles  A.  Michels 


1  Temporary. 


B.  A.,  Williams  College,  1921. 

B.Sc,  Connecticut  Agricultural 
College,  1914. 

B.Sc,  Massachusetts  Agricul- 
tural College,  1921. 


B.Sc,  ^Massachusetts  Agricul- 
tural College,  1913. 

B.Sc,  Massachusetts  Agricul- 
tural College,  1919. 

B.Sc,  Massachusetts  Agricul- 
tural College,  1920. 

B.Sc,  Pennsylvania  State  Col- 
lege, 1919;  M.Sc,  Iowa  State 
College,  1920. 

B.Sc,  Washington  State  Col- 
lege, 1914;  M.Sc,  Washington 
State  College,  1919. 

B.Sc,  New  Hampshire  College, 
1917. 

B.Sc,  Massachusetts  Agricul- 
tural College,  1918. 

B.Sc,  Massachusetts  Agricul- 
tural College,  1920. 

B.Sc,  Massachusetts  Agricul- 
tural College,  1921. 

B.Sc,  North  Dakota  Agricul- 
tural College,  1909;  M.Sc, 
University  of  Wisconsin,  1912. 


1 
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Table  II.  —  New  Appointments  —  Continued. 
A.     In  the  Academic  Departments —  Concluded. 


Position. 

Name. 

Degrees. 

Instructor  in  dairying 

Assistant  professor  in  beekeeping    . 

Instructor  in  mathematics 

Assistant  professor  of  horticulture  . 

Professor  of  poultry  husbandry 

Instructor  in  dairying 

Instructor  in  French        ... 

Supervisor  of  placement  training    . 

Assistant  professor  of  landscape  gar- 
dening. 

Harlow  L.  Pendleton    . 
Norman  E.  Phillips 

Wayland  R.  Porter 
Roland  W.  Rogers 
William  C.  Sanctuary    . 
Richard  W.  Smith 
Paul  E.  Thissell     . 
Paul  W.  Viets 
Joseph  F.  Whitney 

B.Sc,  Massachusetts  Agricul- 
tural College,  1915. 

B.Sc,  Allegheny  College  and 
University  of  Pennsylvania, 
1916. 

B.Sc,  Carnegie  Institute  of 
Technology,  1920. 

B.Sc,  Massachusetts  Agricul- 
tural College,  1917. 

B.Sc,  Massachusetts  Agricul- 
tural College,  1912. 

B.Sc,  Massachusetts  Agricul- 
tural College,  1921. 

A.B.,  Tufts  College,  1921. 

B.Sc,    Massachusetts    Agricul- 
tural College,   1917;    M.L.A., 
Harvard  University,  1921. 

B.     In  the  Experiment  Station. 


Assistant     research     professor    of 

chemistry. 
Investigator  in  chemistry 

Investigator  in  pomology 

Curator  in  botany    .... 


John  G.  Archibald  1 
Charles  O.  Dunbar 
Arthur  P.  French 
Anna  M.  Wallace  . 


B.Sc,  Toronto  University,  1916. 

B.Sc,  Massachusetts  Agricul- 
tural College,  1921. 

B.Sc,  Ohio  State  University, 
1921. 

A.B.,  Smith  College,  1913;  M.A., 
Smith  College,  1921. 


C.     In  the  Control  Service. 


Collector  of  blood  samples,  poultry 
disease  elimination. 

Specialist  in  charge  of  poultry  dis- 
ease elimination. 

Laboratory  assistant,  poultry  dis- 
ease elimination. 


Ray  A.  Carter i 
Oliver  S.  Flint 
Ann  Smith     . 


Massachusetts  Agricultural  Col- 
lege Short  Course. 

B.Sc,  Massachusetts  Agricul- 
tural College,  1917. 


D.     In  the  Extension  Service. 


Extension  professor  of  agronomy    . 

Extension  professor  of  animal  hus- 
bandry. 
State  home  demonstration  agent     . 

Assistant  State  club  leader 

State  leader  of  home  demonstration 
agents. 


John  B.  Abbott  1  . 
Clifiord  J.  Fawcett 
Mrs.  Harriet  H.  Haynes' 
Dorothy  W.  Murdock    . 
Lucile  W.  Reynolds 


B.Sc,   L'niversity  of  Vermont; 

M.Sc,  Purdue  University. 
B.Sc,    Ohio   State    University, 

1915. 
B.Sc,  Teachers'  College,  1914. 

Framingham  State  Normal 
School,  Massachusetts. 

B.Sc,  University  of  Wisconsin, 
1921. 


1  Temporary. 
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Table  II.  —  Neio  A'pyointmeiits  —  Concluded. 

E.     Miscellaneous. 


Position-. 


Name. 


Degrees. 


Librarian 


Foreman,  Department  of  Floricul- 
ture. 
Field  agent 


Matron,  women's  dormitory    . 


Henry  S.  Green     . 
Samuel  C.  Hubbard 
Richard  A.  Mellen 
Mrs.  Marie  E.  White 


A.B.,    Yale    University,    1879; 
LL.D.,  Bethany  College,  1900. 


B.Sc,    Massachusetts    Agricul- 
tural College,  1921. 


F.     In  the  Clerical  Staff. 


Position. 


Name. 


Stenographer,  treasurer's  office   ...... 

Stenographer,  Extension  Service 

Stenographer,  Department  of  Dairying      .... 

Clerk,  Extension  Service 

Stenographer,  Department  of  Rural  Home  Life 
Stenographer,  Division  of  Agriculture        .... 
Clerk,  Department  of  Microbiology  and  Graduate  School 
Clerk,  Extension  Service     ....... 

Clerk,  Experiment  Station 

Clerk,  dean's  office 

Library  assistant  ........ 

Private  secretary,  Graduate  School 

Stenographer,  Division  of  Agricultiu-e        .... 

Stenographer,  President's  office 

Stenographer,  President's  office 

Clerk,  treasurer's  office 

Clerk,  dean's  office      ........ 

Stenographer,  library 

Stenographer,  Short  Courses       ...... 

Stenographer,  Department  of  Agricultural  Economics 
Stenographer,  Department  of  Dairying     .... 

Stenographer,  President's  office  .        .        .        . 

Stenographer,  Extension  Service 


Mrs.  Charlotte  E.  Abram- 

son. 
Mrs.  Teresa  M.  Binner. 

Genevieve  M.  Burrington. 

Mrs.      Carolyn      Butter- 
worth. 
Mrs.  Ethel  L.  Carrier. 

Irene  Chandler. 

Elizabeth  Coleman. 

Helen  R.  Connor,  i 

Margaret  Eppler. 

Mary  A.  Evans. 

Ethel  A.  Green. 

Elizabeth  Hallowell. 

Evelyn  C.  Hubbard. 

Lillian  E.  Lake. 

Ruth  Leban. 

Mrs.  Gertrude  Milne. 

Mildred  Pierpont. 

Frances  Powers. 

R.  Elvera  Schuler. 

Ruth  Sherburne. 

Clara  Smith. 

Elsie  M.  Smith. 

Mrs.  Ruth  M.  Smith. 


1  Temporary. 
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Table  III.  —  Speakers  for  the  Year. 

A.     Speakers  at  Wednesday  Assembly  for  Year  ending  Nov.  SO,  1921. 

1920. 

Dec.     1.  —  Mr.  John  H.  Reisner,  Nanking,  China. 

Dec.     8.  —  Pres.  Kenyon  L.  Butterfield. 

Dec.  15.  —  Director  Sidney  B.  Haskell,  M.  A.  C. 

Dec.  21.  —  Dean  James  A.  Beebe,  Boston  University,  Boston. 

1921. 

Jan.     5.  —  Director  John  D.  Willard,  M.  A.  C. 
Jan.    12.  —  Prof.  James  W.  Crook,  Amherst  College. 
Jan.    19.  —  Mr.  M.  V.  Malcom,  New  York  City. 
-Jan.   26.  —  Mr.  Thomas  A.  "Watson,  Boston. 
Feb.     2.  —  Student  forum. 
Feb.     9.  —  Dr.  Charles  E.  Marshall,  M.  A.  C. 
Feb.   16.  —  Bishop  Nicholai  Velimirovich,  Servia. 
Feb.  23.  —  Dr.  John  M.  Tyler,  Amherst  College. 
Mar.    2.  —  Mr.  Sumner  R.  Parker,  M.  A.  C. 
Mar.    9.  —  Prof.  'William  J.  Newlin,  Amherst  College. 
Mar.  16.  —  Mr.  Daniel  Willard,  Baltimore,  Md. 
Apr.     6.  —  Prof.  Harold  Whitehead,  Boston  University,  Boston. 
Apr.  13.  —  Dr.  Edward  O.  Otis,  Boston. 

Apr.  20.  —  Dr.  J.  B.  Lindsey,  Mr.  John  A.  Crawford,  Mr.  Starr  M.  King,  M.  A.  C. 
Apr.  27.  —  Col.  Ira  L.  Reeves,  New  York  City. 
May    4.  — ■  Mr.  Brayton  C.  Case,  Burma. 
May  11. — •  Student  forum. 

May  18.  —  Hon.  John  A.  Kingsbury,  New  York  City. 
June    1.  —  Student  forum. 
Oct.   6. 1  —  Student  forum. 
Oct.    13.  —Prof.  Fred  C.  Sears,  M.  A.  C. 
Oct.   20.  — •  Dr.  Edward  Cummings,  Boston. 

Oct.   27.  —  Prof.  Garrett  Droppers,  Williams  College,  Williamstown. 
Nov.    3.  —  Rev.  Frederick  A.  Lietch,  Amherst. 
Tmov.  10.  —  Student  mass  meeting. 
Nov.  17.  —  Mr.  George  W.  Coleman,  Boston. 

B.     Speakers  at  Sunday  Chapel  for  Year  ending  Nov.  SO,  1921. 

•  Rev.  John  Haynes  Holmes,  New  York  City. 

-  Mr.  Charles  Stelzle,  New  York  City. 

•  Dr.  Albert  Bushnell  Hart,  Cambridge. 

■  Bishop  Edwin  H.  Hughes,  Maiden. 

■  Mr.  Peter  W.  Collins,  Boston. 

-  Dr.  Albert  Parker  Fitch,  Amherst. 

•  Rev.  Herbert  J.  White,  Hartford,  Conn. 

-  Dr.  Charles  Fleischer,  Boston. 

•  Mr.  Alfred  E.  Stearns,  Andover. 

-  Rev.  William  Horace  Day,  Bridgeport,  Conn. 

-  Rev.  Nehemiah  Boynton,  Brooklyn,  N.  Y. 
-Pres.  John  M.  Thomas,  Middlebury,  Vt. 

-  Dr.  Rockwell  H.  Potter,  Hartford,  Conn. 

-  Rev.  W.  W.  Weeks,  Richmond,  Va. 

■  Dr.  D.  Brewer  Eddy,  Boston. 

-  Rev.  J.  Edgar  Park,  West  Newton. 

•  Dean  Charles  R.  Brown,  New  Haven,  Conn. 

-  Dean  Edward  M.  Lewis,  M.  A.  C. 
•Rev.  B.  W.  Lockhart,  Manchester,  N.  H. 

•  Rev.  William  Horace  Day,  Bridgeport,  Conn. 

1  Assembly  held  on  Thursdays,  be^ning  with  this  date. 


1920. 

Jan. 

2. 

Jan. 

12. 

Jan. 

19. 

1921. 

Jan. 

9. 

Jan. 

16. 

Jan. 

23 

Jan. 

30 

Feb. 

6. 

Feb. 

13. 

Feb. 

20 

Feb. 

27 

Mar 

6 

Mar 

13 

Mar 

20 

Apr. 

10 

Apr. 

17 

Apr. 

24. 

Oct. 

2 

Nov. 

6. 

Nov. 

13. 
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Table  IV.  — •  Attendance. 
A.     In  Work  of  College  Grade. 


Registration  Nov.  30,  1920. 

Registbation  Nov.  30,  1921. 

Men. 

1 

Women. 

Total. 

Men. 

Women. 

Total. 

Graduate  students     . 
Senior  class 
Junior  class 
Sophomore  class 
Freshman  class  . 
Unclassified  students 
Special  students 

41 
94 
94 
96 
124 
9 
11 

7 
3 
5 
8 
11 
1 
2 

48 
97 

104 

135 

10 

13 

53 
91 
93 
104 
147 

10 

8 
5 
8 
9 
15 

3 

61 
96 
101 
113 
162 

13 

Totals  . 

469 

37 

506 

498 

48 

546 

B.     Short  Course  Enrollment. 


Two-Year  Course,  second  year 

125 

10 

135 

129 

9 

138 

Two- Year  Course,  first  year 

130 

12 

142 

150 

5 

155 

Vocational  Poultry  Course 

19 

- 

19 

26 

- 

26 

Unit  Course        .... 

50 

- 

50 

29 

- 

29 

Totals 

314 

22 

336 

334 

14 

348 

C.     Other  Short  Course  Enrollment. 


Registration,  1919-20. 

Registration,  1920-21. 

Men. 

Women. 

Total. 

Men. 

Women. 

Total. 

School  for  Country  Clergymen 
Winter  School     .... 
Summer  School 
Summer  school  for  Federal  men 

90 

90 

107 

65 

22 
150 

112 

257 

65 

18 
69 
67 
65 

1 
14 

192 

19 

83 

259 

65 

Totals 

262 

172 

434 

219 

207 

426 
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Table  IV.  —  Attendance  —  Concluded. 

D.     Contention  Registration. 


1920. 


1921. 


State  institutional  superintendents  and  farmers 

Polish  farmers'  day 

Farmers'  week  and  annual  poultry  convention 
Junior  boys'  and  girls'  prize  winners'  camp 

Girls'  camp  (paid) 

Boys'  camp  (paid) 

One-day  campers  (boys  and  girls)      .... 

Extension  workers'  conference 

Sheep  breeders'  conference 

Clothing  efficiency  conferences  (2)  for  paid  leaders  . 
Clothing  efficiency  conference  for  local  leaders 

Totals 


- 

50 

- 

100 

1,701 

3,000 

346 

95 

- 

14 

- 

34 

- 

198 

85 

80 

- 

212 

- 

14 

- 

53 

2,132 


3,850 


Table  V.  —  Legislative  Budget,  1921. 


Items. 

Amount 
asked. 

Amount 
granted. 

Miscellaneous  improvements  and  equipment    .... 

Chemistry  laboratory 

Improvements  at  power  plant 

Addition  to  rural  engineering  building 

Purchase  of  Brooks'  Farm 

Tennis  courts  and  gymnasium  for  women  students 
Administration  building,  Market-Garden  Field  Station  . 

Equipment  for  Tillson  Farm 

Poultry  breed  and  judging  laboratory 

House  for  farm  superintendent 

Macadam  road 

$75,000 

600,000 

76,000 

30,000 

21,400 

13,500 

10,000 

10,000 

8,000 

8,000 

8,000 

$25,000 
10,000 

5859,900 

$35,000 
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Table  VI.  — ■  Current  Account,  State  Funds. 


Requested 
1921. 

Appro- 
priated 1921. 

Deficiency 

Appro- 
priation. 1 

Expended 
1921. 

Balance. 

Personal  services:  — 

Administration 

S42,895 

$40,460 

- 

$40,100  15 

$359  85 

Instruction     .... 

207,165 

188,915 

$80  00 

171,177  00 

17,818  00 

General  maintenance    . 

132,377 

118,000 

120  69 

119,033  63 

—912  94 

Experiment  Station 

81,481 

59,5002 

100  70 

56,471  66 

3,129  04 

Extension  Service 

62,360 

47,300 

- 

46,884  54 

415  46 

Market-Garden  Field  Station 

6,000 

6,000 

- 

5,689  49 

310  51 

Short  Courses 

45,133 

39,350 

- 

42,759  70 

—  3,409  70 

Travel,   office,   and   other   ex- 

53,175 

46,000 

1,967  16 

50,037  86 

—2,070  70 

penses. 
Teaching,  laboratory  supplies 

and  equipment. 
Experiment  Station;  — 

Supplies,     equipment     and 

publications. 
Travel  and  office  expenses    . 

74,960 
19,905 

58,000 
12,000  2 

890  70 
213  76 

58,869  69 
13,389  10 

21  01 
—1,175  34 

5,375 

3,300 

37  70 

3,980  24 

—642  54 

Extension     Service,    supplies, 

equipment,  travel,  etc. 
Short  Courses  .... 

67,200 
20,275 

36,000 
15,000 

727  03 
167  45 

37,139  56 
10,319  05 

—412  53 
4,848  40 

Heat,  light,  and  power     . 

74,000 

60,000 

1,192  22 

72,266  49 

-11,074  27 

Farm 

27,295 

26,000 

841  94 

24,938  97 

1,902  97 

Repairs,  ordinary     . 

35,000 

25,000 

148  39 

26,095  14 

—946  75 

Replacements  .... 

5,000 

- 

- 

- 

- 

Market-Garden  Field  Station  . 

3,000 

3,000 

72  13 

3,031  49 

40  64 

Fertilizer  law  control 

14,500 

12,500 

95  03 

12,515  18 

79  85 

Poultry  disease  law  . 

6,000 

5,000 

- 

4,724  65 

275  35 

Milk-testing  inspection  law 

600 

550 

19  96 

564  63 

5  33 

Trustees'  e.\penses    . 

1,200 

1,200 

57  29 

1,220  75 

36  54 

Printing  reports 

5,500 

5,000 

203  87 

1,836  97 

3,366  90 

Commercial  feedstuffs 

8,000 

7,000 

23  35 

6,954  09 

69  26 

Totals          .... 

S998,396 

$815,075 

$6,959  37 

$810,000  03 

$12,034  34 

1  Deficiency  appropriation  to  meet  expenses  incurred  in  1919-20. 

2  $2,000  transferred  from  original  appropriation  for  experiment  station  supplies  to  personal 
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Table  VII.  —  Statistics  of  Freshmen  entering  Massachusetts  Agricultural 
College,  September,  1921. 

A.    Home  Addresses  of  Students  (classified  by  Towns  and  Cities). 


Abington 

Gill       .         .         . 

1 

Northampton 

3 

Allbntown,  Pa.   . 

Glastonbury,  Conn. 

1 

Northfield     . 

Altamont,  N.  Y.    . 

Greenwich     . 

1 

Palmer 

Amherst 

11 

Groveland 

1 

Panama  City,  R.  P. 

Arlington 

3 

Hadley 

1 

PeekskiU,  N.  Y.      . 

Ashland 

Hatfield 

2 

Philadelphia,  Pa. 

Auburn 

HOLYOKE 

7 

PiTTSFIELD      . 

Barnstable    . 

Hudson 

2 

Providence,  R.  I. 

Barre    . 

Jacksonville,  Fla. 

1 

Provincetown 

Belchertown 

Kars,  Armenia 

1 

Reading 

2 

Bernardston 

2 

Kingston,  Md. 

1 

Richmond 

1 

Beverly 

1 

Kingston 

1 

Rockland 

2 

Boston 

13 

Lawrence 

2 

Saugus 

2 

Bridgewater 

2 

Lee 

2 

Shelburne 

2 

Brockton     . 

4 

Lexington 

1 

South  Hadley 

Cambridge  . 

1 

Littleton 

1 

Spencer 

Chatham 

1 

Lowell 

1 

Springfield 

Chelmsford   .          .  ' 

1 

Malden 

1 

Springfield,  Vt. 

Chelsea 

1 

Mansfield 

1 

Sterling 

Chester 

1 

Marblehead 

1 

Stow     . 

Columbia  City,  Ind. 

1 

Medfield 

2 

Taxtnton 

Cumberland  Center,  Me 

1 

Melrose 

5 

Wareham 

Dalton 

3 

Methuen 

1 

Warren 

East  Bridgewater  . 

3 

Millis   . 

1 

Weehawken,  N.  J. 

Easthampton 

1 

MillvUle 

2 

West  Bridgewater 

Englewood,  N.  J.  . 

1 

Monson 

1 

Weston 

Everett 

1 

Montague 

2 

Weymouth    . 

Fall  River 

1 

New  Bedford 

1 

Winchester    . 

Falmouth 

1 

Newburypobt 

1 

Worcester  . 

3 

FlTCHBURG     . 

1 

Newton 

1 

Worthington 

.      1 

Framingham 

2 

New  York,  N.  Y. 

3 

Gardner 

1 

North  Adams 

1 

B.     Home  Addresses 

(classified  by  States). 

Number. 

Per  Cent. 

Number. 

Per  Cent. 

Armenia 

.61 

New  Jersey 

2 

1.22 

Connecticut ' 

.61 

New  York    . 

5 

3.07 

Florida 

.61 

Pennsylvania 

2 

1.22 

Indiana 

.61 

Republic  of  Panama   . 

1 

.61 

Maine  . 

.61 

Rhode  Island 

1 

.61 

Maryland 

144 

.61 
89.00 

Vermont 

1 

.61 

Massachusetts 

162 

100.00 
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Table  VII.  —  Statistics  of  Freshmen  entering  Massachusetts  Agricultural 
College,  September,  1921  —  Continued. 

C.     Home  Addresses  {classified  by  Counties  of  Massachusetts) . 


Number. 

Per  Cent. 

Number. 

Per  Cent. 

Barnstable   . 

4 

2.78 

Middlesex     . 

26 

18.06 

Berkshire 

8 

5.56 

Norfolk        . 

4 

2.78 

Bristol 

4 

2.78 

Plymouth     . 

15 

10.41 

Essex    .... 

9 

6.26 

Suffolk 

14 

9.72 

Franklin 

8 
18 

5.55 
12.49 

Worcester     . 

12 

8.34 

Hampden     . 

144 

100.00 

Hampshire  . 

22 

15.27 

D.     Nativity  of  Parents. 

Number. 

Per  Cent. 

Neither  parent  foreign  born 

Both  parents  foreign  born           ....... 

Father  (only)  foreign  born 

Mother  (only)  foreign  born 

No  statistics 

104 
32 
14 
10 
2 

64.20 

19.75 

8.64 

6.17 

1.22 

162 

99.98 

E.     Education  of  Father. 


Number. 

Per  Cent. 

Common  school 

67 

41.36 

High  school 

43 

26.54 

Business  school 

19 

11.74 

College  or  university 

28 

17.29 

No  statistics 

5 

3.07 

162 

100.00 
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Table  VIl. 


Statistics  of  Freshmen  entering  Massachusetts  Agricultural 
College,  September,  1921  —  Continued. 
F.     Religious  Census. 


Membership. 

Preference. 

Totals. 

Number. 

Per  Cent. 

Number. 

Per  Cent. 

Number. 

Per  Cent. 

Baptist     .... 

11 

6.79 

3 

1.86 

14 

8.64 

Catholic   . 

22 

13.58 

- 

- 

22 

13.58 

Congregationalist 

36 

22.22 

14 

8.64 

50 

30.86 

Episcopal 

11 

6.79 

- 

- 

11 

6.79 

Methodist 

15 

9.26 

3 

1.86 

18 

11.11 

Presbyterian     . 

3 

1.86 

- 

- 

3 

1.86 

Unitarian 

10 

6.17 

2 

1.22 

12 

7.41 

Universalist 

3 

1.86 

1 

.61 

4 

2.47 

Miscellaneous 

25 

15.43 

2 

1.22 

27 

16.67 

No  statistics     . 

1 

.61 

- 

- 

1 

.61 

137 

84.57 

25 

15.41 

162 

100.00 

G.     Occupation  of  Father. 


Niimber. 

Per  Cent. 

Agriculture  and  horticulture 

33 

20.37 

Artisans 

41 

25.31 

Business 

44 

27.16 

Deceased  or  no  statistics 

16 

9.88 

Miscellaneous 

13       - 

8.02 

Professional 

15 

9.26 

162 

100,00 

H.     Intended  Vocation  of  Student. 


Number. 

Per  Cent. 

Agriculture  or  horticulture  (practical) 

Agriculture  or  horticulture  (professional)           .... 

Professions 

Miscellaneous 

Undecided  or  no  statistics 

67 
48 
7 
11 
29 

41.36 

29.63 

4.32 

6.79 

17.90 

162 

100.00 
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Table  VII.  —  Statistics  of  Freshmen  entering  Massachusetts  Agricultural 
College,  September,  1921  —  Concluded. 

I.     Fann  Experience. 


Number. 

Per  Cent. 

Brought  up  on  a  farm 

Not  brought  up  on  a  farm  and  having  no  or  practically  no 
farm  experience. 

Not  brought  up  on  a  farm,  but  having  had  some  farm  experi- 
ence. 

48 
37 

77 

29.63 
22.84 
47.53 

162 

100.00 

/.     Miscellaneous  Statistics. 
Average  age 19.48  years 

Table  VIII.  —  Cases  treated  at  the  Infirmary  Dec.  1, 1920,  to  Nov.  SO,  1921. 


Daily  Count. 

Individua 

77 
52 

6 
23 

61 
99 

10 
34 

69 
80 

14 
36 

120 
15 

66 

34 

101 

22 

16 
19 

90 
85 

8 
24 

19 
19 

3 
11 

6 
13 

2 
13 

9 

4 

3 
4 

76 

74 

16 
35 

44 
135 

6 
55 

December  1  to  31 : 
House  cases  . 
Out-patients 


January  1  to  31: 
House  cases  . 
Out-patients 

February  1  to  28: 
House  cases  . 
Out-patients 

March  1  to  31: 
House  cases  . 
Out-patients 

April  1  to  30: 
House  cases  . 
Out-patients 

May  1  to  31: 

House  cases  . 
Out-patients 

June  1  to  30: 

House  cases  . 
Out-patients 

July  1  to  31: 

House  oases  . 
Out-patients 

September  23  to  30: 
House  cases  . 
Out-patients 

October  1  to  31: 
House  cases  . 
Out-patients 

November  1  to  30: 
House  cases  . 
Out-patients 


1920 


1921 


Number  of  house  cases 672 

Number  of  out-patients 598 

Total  . • 1,270 


Number  cared  for  in  the  house 
Number  cared  for  as  out-patients 


150 

288 


Total 438 
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Eeport  of  the  Treasurek 

For  the  Fiscal  Year  ending  Nov.  30,  1921. 


Balance  Sheet. 


Dr. 

Cr. 

1920 

Dec.    1 . 

To  balance  on  hand 

S37,319  99 

1921 

Nov.  30. 

To  departmental  income       .        .        . 

127,644  16 

Nov.  30. 

To  receipts  from  State  Treasurer          .         .         . 

822,439  69 

Nov.  30. 

To  September,  October,  and  November,  1920,  schedule 

116,185  56 

Nov.  30. 

To  refunds  to  State  Treasurer 

105  68 

Nov.  30. 

To  receipts  from  United  States  Treasurer    . 

126,219  69 

Nov.  30. 

To  November  schedule  in  transit  •      .        .        .        . 

79,862  45 

Nov.  30. 
Nov.  30. 

Expenditures  of  September,  October,  and  November, 

1920,  paid  in  this  fiscal  year. 
Refunds  transferred  to  State  Treasiirer 

$116,185  56 
105  68 

Nov.  30. 

Expenditures  for  fiscal  year 

1,038,231  03 

Nov.  30. 

Income  transferred  to  State  Treasurer 

127,644  16 

Nov.  30. 

Balance  on  hand 

30,227  89 

Nov.  30. 

Journal  transfer 

2,617  10 

Sl,312,394  32 

$1,312,394  32 

Statement  of  Legislative  Apportionment  and  Expenditures  for 
Fiscal  Year  ending  Nov.  30,  1921,  and  Apportionment  re- 
quested FOR  1922. 


Apportionment  for 
Last  Fiscal  Year. 


Expenditures. 


Requested 
Apportionment  for 
New  Fiscal  Year. 


College: 
Personal  services 
Maintenance 


Experiment  Station: 
Personal  services 
Maintenance 


$347,575  69 
220,040  41 


-$567,616  10 


$59,600  70 
15,551  46 


75,152  16 


$330,310  78 
232,208  15 


-$562,518  93 


$56,471  66 
17,369  34 


73,841  00 


$366,535  00 
219,000  00 


-$585,535  00 


$66,075  GO 
24,835  00 


90,910  00 
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Statement  of  Legislative  Apportionment  and  Expenditures  for 
Fiscal  Year  ending  Nov.  30,  1921,  and  Apportionment  re- 
quested FOR  1922  —  Concluded. 


Apportionment  for 
Last  Fiscal  Year. 


Expenditures. 


Requested 
Apportionment  for 
New  Fiscal  Year. 


Extension  Service: 
Personal  services 
Maintenance 


Short  Courses: 
Personal  services 
Maintenance 


Market-Garden   Field 
Station:  — 
Personal  services 
Maintenance 


Trustees,  travel 
Printing  reports 
Commercial  feedstufTs    . 

Totals    . 
Fertilizer  law  . 
Poultry  law 
Milk-testing  law 

Totals    . 

Miscellaneous      improve- 
ments and  equipment 

Totals    . 
Balance  unexpended 


$47,300  00 
36,727  03 


$84,027  03 


$39,350  00 
15,167  45 


$6,000  00 
3,072  13 


$1,257  29 
5,203  87 
7,023  35 


12,595  03 

5,000  00 

569  96 


54,517  45 


9,072  13 


13,484  51 


18,164  99 


$46,884  54 
37,139  56 


$84,024  10 


$42,759  70 
10,319  05 


$5,689  49 
3,031  49 


$1,220  75 
1,836  97 
6,954  09 


$12,515  18 

4,724  65 

564  63 


53,078  75 


8,720  98 


10,011  81 


17,804  46 


$822,034  37 


-  $810,000  03 
12,034  34 


$822,034  37 


$59,780  00 
44,000  00 


$53,640  00 
19,235  00 


$6,500  00 
3,825  00 


$1,200  00 
5,000  00 
8,000  00 


$14,500  00 

6,500  00 

700  00 


•$103,780  00 
72,875  00 

10,325  00 

14,200  00 

21,700  00 
75,000  00 


-    $974,325  00 


Cash  Statement, 


Other  Funds. 


State  Funds. 


Totals. 


Balance  Dec.  1,  1920      .... 

Receipts. 
College  receipts  from  students  and  others 

Tuition 

Laboratory  fees  .... 

Rents 

Department  sales  .... 

Produce 

Miscellaneous 

Experiment  Station       .... 

Cranberry  receipts     .... 

Chemical  receipts       .... 

Miscellaneous 

Extension  Service  .... 

Correspondence  Courses    . 

Miscellaneous      ..... 
Short  Coiu'ses 

Students'  fees     ..... 

Summer  School  .... 

Winter  School 


$37,319  99 


$3,322  02 
6,091  68 
7,911  97 


64,533  83 
10,667  82 


6,318  34 
1,490  48 
1,657  02 


716  85 
414  59 


4,491  85 
430  00 


$37,319  99 
17,325  67 

75,201  65 
9,465  84 

1,131  44 
4,921  85 


1922. 


PUBLIC  DOCUMENT  — No.  31. 


83 


Cash  Statement  —  Concluded. 


other  Funds. 


State  Funds. 


Totals. 


Receipts  —  Concluded. 
Market-Garden  Field  Station 

Produce 

Fertilizer  law  .  .  ... 
Milk-testing  law  .... 
Poultry  law  .... 

Treasurer  of  the  Commonwealth 

Maintenance       .   _     . 

Special  appropriation 

Endowment        .... 
Federal  government 

Land  grant  of  1862     . 

Hatch  fund  of  1887     . 

Morrill  fund  of  1890    . 

Adams  fund  of  1906    . 

Nelson  fund  of  1907 

Smith-Lever  fund  of  1914 

Short  Course,  two  years     . 
November  schedules  in  transit     . 
Journal  transfer     .... 


Payments. 
College  expenses    . 

Personal  services 

Maintenance       ....... 

Experiment  Station 

Personal  services 

Maintenance 

Extension  service 

Personal  services 

Maintenance 

Short  Courses 

Personal  services 

Maintenance . 

Market-Garden  Field  Station       .        .        .        . 

Personal  services 

Maintenance 

Trustees,  travel 

Printing  reports 

Commercial  feedstuffs 

Fertilizer  law 

Poultry  law 

Milk-testing  law 

Special  appropriations 

1919,  women's  dormitory 

1919,  engineering  study 

1920,  stable  for  cavalry  unit       .        .        .        . 

1921,  improvements  and  equipment       _  . 
1921,  Market-Garden  Field  Station,  administra- 
tion building 

1921,  architect's  fees,  chemistry  building 

Income 

Balance 


S3, 339  36 


7,300  00 
15,000  00 
16,666  67 
15,000  00 
16,666  66 
31,262  06 
24,324  30 


$166,879  04 


$44,819  97 
2,891  42 


29,434  08 
315  94 


32,988  50 
1,115  11 


21,467  67 
3,618  46 


$3,071  14 

14,465  39 

678  84 

1,382  34 


739,328  89 
79,771  44 


79,862  45 
2,617  10 


$1,029,224  04 


$3.30,310  78 
232,208  15 


56,471  66 
17,369  34 


46,884  54 
37,139  56 


42,759  70 
10,319  05 


5,689  49 
3,031  49 
1,220  75 
1,836  97 
6,954  09 
12,515  18 
4,724  65 
564  63 


30,227  89 


$166,879  04 


21,164  19 

62  82 

13,716  61 

47,305  22 

7,331  01 

2,000  00 

127,644  16 


$1,029,224  04 


$3,071  14 

14,465  39 

678  84 

1,382  34 

822,439  69 


126,219  69 


79,862  45 
2,617  10 


$1,196,103  08 

$610,230  32 

103,591  02 

118,127  71 

78,164  88 

8,720  98 


1,220  75 
1,836  97 
6,954  09 

12,515  18 

4,724  65 

564  63 

91,579  85 


127,644  16 
30,227  89 


$1,196,103  08 
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Classification  of  Income  from  Students  and  Others. 


Labora- 
tory Fees. 

Depart- 
ment 
Sales. 

Rent. 

Miscel- 
laneous. 

Tuition. 

Totals. 

Agricultural  economics 

- 

- 

- 

$1  55 

- 

$1  55 

Agronomy     . 

$324  50 

- 

31  47 

- 

355  97 

Animal  husbandry 

215  50 

- 

- 

- 

215  50 

Beekeeping    . 

- 

S20  50 

- 

- 

- 

20  50 

Botany 

562  50 

- 

- 

- 

- 

562  50 

Chemistry     . 

2,665  79 

- 

- 

18  70 

- 

2,684  49 

Dairying 

240  50 

27,297  31 

- 

- 

- 

27,537  81 

Domestic  science  . 

36  50 

- 

- 

13  68 

- 

50  18 

Entomology 

96  00 

- 

- 

2  46 

- 

98  46 

Farm     .... 

- 

15,400  37 

- 

333  59 

- 

15,733  96 

Farm  management 

88  00 

- 

- 

- 

- 

88  00 

Floriculture  . 

181  00 

4,499  41 

- 

- 

- 

4,680  41 

Forestry 

72  00 

- 

- 

- 

- 

72  00 

General  horticulture     . 

- 

- 

- 

477  50 

- 

477  50 

Grounds 

- 

- 

- 

2  75 

- 

2  75 

Horticultural  manufac- 
tures. 
Hospital 

_ 

697  45 

~ 

1,190  90 

~ 

697  45 
1,190  90 

Landscape  gardening    . 

389  00 

- 

- 

- 

- 

389  00 

Language    and    litera- 
ture. 
Library 

146  00 

-" 

_ 

Ill  62 

_ 

146  00 
111  62 

Mathematics 

47  00 

- 

- 

4  20 

- 

51  20 

Microbiology 

452  18 

- 

- 

324  74 

- 

776  92 

Mount  Toby 

- 

1,621  78 

- 

- 

- 

1,621  78 

Physics 

72  00 

- 

- 

2  25 

- 

74  25 

Pomology      .         . 

95  00 

2,540  57 

- 

- 

- 

2,635  57 

Poultry  husbandry 

49  50 

9,557  58 

- 

- 

- 

9,607  08 

Rural  engineering 

186  00 

- 

- 

29  95 

- 

215  95 

Rural  sociology     . 

- 

- 

- 

1  80 

- 

1  80 

Vegetable  gardening 

130  50 

2,898  86 

- 

- 

- 

3,029  36 

Veterinary     . 

68  00 

- 

- 

- 

- 

68  00 

Zoology  and  geology     . 

482  00 

- 

- 

- 

- 

482  00 

Operating    and    main- 
tenance. 

General  expense    (cash 
credits). 

Adams  Hall  . 

- 

- 

$85  00 

3,954  23 
1,937  28 

$3,322  02 

7,361  25 
1,937  28 

- 

- 

4,837  98 

13  67 

- 

4,851  65 

Draper  Hall 

- 

- 

912  00 

- 

- 

912  00 

North  dormitory  . 

- 

- 

1,859  13 

- 

- 

1,859  13 
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Concluded. 

Labora- 
tory Fees. 

Depart- 
ment 
Sales. 

Rent. 

Miscel- 
laneous. 

Tuition. 

Totals. 

South  dormitory  . 
College  residences 
Dean's  office 
President's  office  . 
Registrar's  office  . 
Treasurer's  office  . 

- 

- 

$1,214  86 
616  54 

$0  10 

24  11 

50 

69  44 

- 

$1,214  86 

616  54 

10 

24  11 

50 

69  44 

Totals      . 

$6,599  47 

.?64,533  83 

$9,525  51 

$8,546  49 

$3,322  02 

$92,527  32 
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Current  Accounts,  1921. 

Disbursements   and   Receipts. 


Disburse- 

Receipts 

Apportion- 

J 

ments  from 

from  Nov. 

ment  for 

Balance   -'■ 

Accounts. 

Nov.  30, 

30,  1920,  to 

Year  ending 

for         1 

1920,  to  Nov. 

Nov.  30, 

Nov.  30, 

Credit.      1 

30,  1921. 

1921. 

1921. 

\ 

Administration : 

Dean's  office 

3717  38 

SO  10 

$600  00 

—$117  38 

Executive  order  . 

13,738  83 

- 

15,000  00 

1,261  17 

President's  office 

2,650  11 

24  11 

2,200  00 

-^50  11 

Registrar's  office 

801  73 

50 

800  00 

—1  73 

Salaries 

40,100  15' 

- 

40,460  00 

359  85 

Treasurer's  office 

1,964  96 

69  44 

1,650  00 

—314  96 

Maintenance,  academic: 

Agricultural  economics 

444  17 

1  55 

550  00 

105  83 

Agricultural  education 

380  04 

- 

400  00 

19  96 

Agronomy    .... 

1,230  72 

355  97 

1,200  00 

—30  72 

Animal  husbandry 

671  28 

215  50 

700  00 

28  72 

Beekeeping 

516  89 

20  50 

500  00 

—16  89 

Botany         .... 

1,883  28 

562  50 

1,750  00 

—133  28 

Chemistry  .... 

5,318  54 

2,684  49 

5,200  00 

—118  54 

Dairying      .... 

36,356  59 

27,537  81 

36,500  00 

143  41 

Domestic  science 

1,581  98 

50  18 

1,600  00 

18  02 

Economics  and  sociology    . 

391  99 

- 

400  00 

8  01 

Entomology 

714  47 

98  46 

800  00 

85  53 

Farm  management 

532  58 

88  00 

500  00 

—32  58 

Floriculture 

8,143  79 

4,680  41 

8,000  00 

—143  79 

Forestry       .... 

276  53 

72  00 

250  00 

—26  53 

General  agriculture     . 

2,723  75 

_ 

2,570  00 

—153  75 

Horticultural  manufactures 

3,324  25 

697  45 

3,500  00 

175  75 

Hospital       .... 

4,414  63 

1,190  90 

3,225  00 

—1,189  63 

Landscape  gardening 

474  47 

389  00 

500  00 

25  53 

Language  and  literature 

220  34 

146  00 

400  00 

179  66 

IMathematics 

240  78 

51  20 

250  00 

9  22 

Microbiology 

1,904  23 

776  92 

1,800  00 

—104  23 

Military  science  . 

1,401  50 

- 

1,600  00 

198  50 

Mount  Toby 

3,259  82 

1,621  78 

3,500  00 

240  18 

Physical  education 

1,114  44 

- 

1,200  00 

85  56 

Physics 

682  84 

74  25 

700  00 

17  16 

Pomology     . 

4,910  95 

2,635  57 

5,325  00 

414  05 

Poultry  husbandry 

16,545  92 

9,607  08 

16,000  00 

—545  92 

Rural  engineering 

932  85 

215  95 

850  00 

—82  85 

Rural  sociology 

81  75 

1  80 

300  00 

218  25 

Rural  social  science 

31  35 

- 

200  00 

168  65 

Vegetable  gardening 

6,487  10 

3,029  36 

7,500  00 

1,012  90 

Veterinary  . 

1,405  52 

68  00 

1,300  00 

—105  52 

Women's  dormitory 

3,137  81 

4,851  65 

2,700  00 

-^37  81 

Zoology  and  geology 

655  57 

482  00 

650  00 

—5  57 

Maintenance,  general: 

Farm 

42,190  94 

15,733  96 

41,500  00 

—690  94 

General  horticulture  . 

8,522  66 

477  50 

10,000  00 

1,477  34 

Graduate  school 

91  86 

- 

100  00 

8  14 

Grounds       .... 

8,306  21 

2  75 

8,500  00 

193  79 

Library        .... 

8,942  56 

111  62 

7,500  00 

—1,442  56 

General  expense 

1,937  28 

1,937  28 

- 

- 

Operating  and  maintenance 

152,496  45 

11,963  78 

136,000  00 

—16,496  45 

Endowment  fund 

13,644  71 

10,639  36 

10,613  32 

3,650  00 

Instruction: 

Salaries 

171,177  00 

- 

188,915  00 

17,738  00 

United  States  Treasurer,  Morrill  fund 

17,033  35 

16,666  67 

16,666  67 

9,722  22 

United  States  Treasurer,  Nelson  fund 

17,033  33 

16,666  66 

16,666  66 

9,722  21 

State  Treasurer,  account  of  schedules 

- 

562,518  93 

- 

- 

Income  to  State  Treasurer 

92,527  32 

- 

- 

~ 

$706,269  55 

$699,018  94 

$609,591  65 

$24,645  87 

Plus  journal  entries     .... 

- 

3,422  91 

- 

- 

Le.ss  refunds 

89  00 

- 

- 

~ 

$706,180  55 

$702,441  85 

- 

- 

Balance  beginning  fiscal  year  Dec.  1, 

1920 

- 

26,833  13 

- 

~ 

Balance  on  hand  Nov.  30,  1921  . 

23,094  43 

- 

- 

" 

1 .,  ■- - 

$729,274  98 

$729,274  98 

- 

_, 

1922. 
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College  Accounts. 
Comparative  Disbursements  and  Receipts  for  1920-21. 


Disbursements. 

Receipts. 

Accounts. 

1920. 

1921. 

1920. 

1921. 

Agricultural  economics 

S508  63 

$444  17 

$1  55 

Agricultural  education 

461  66 

380  04 

_ 

- 

Agronomy  .... 

1,152  74 

1,230  72 

$212  95 

355  97 

Animal  husbandry     . 

701  03 

671  28     ; 

342  00 

215  50 

Beekeeping 

482  57 

516  89     : 

145  85 

20  50 

Botany        .... 

1,617  02 

1,883  28     - 

497  00 

562  50 

Chemistry 

5,030  82 

5,318  54 

2,499  69 

2,684  49 

Dairying     .... 

39,164  74 

36,356  59     ' 

29,805  99 

27,537  81 

Dean's  office       ... 

603  45 

717  38 

- 

10 

Domestic  science 

1,822  95 

1,581  98 

_ 

50  18 

Economics  and  sociology   . 

71  43 

391  99 

- 

- 

Entomology 

605  14 

714  47 

131  00 

98  46 

Executive  order 

10,841  62 

13,738  83 

_ 

- 

Farm 

61,369  34 

42,190  94 

41,599  81 

15,733  96 

Farm  management     . 

588  76 

532  58     1 

172  50 

88  00 

Floriculture 

7,024  55 

8,143  79 

5,530  80 

4,680  41 

Forestry      .... 

165  08 

276  53 

12  00 

72  00 

General  agriculture    . 

2,398  08 

2,723  75     • 

_ 

- 

General  horticulture        '  . 

8,742  43 

8,522  66 

342  26 

477  50 

Graduate  school 

51  40 

91  86 

_ 

_ 

Grounds     .... 

7,486  07 

8,306  21 

22  30 

2  75 

Horticultural  manufactures 

3,311  36 

3,324  25 

601  15 

697  45  . 

Hospital      .... 

3,121  28 

4,414  63 

758  92 

1,190  90 

Landscape  gardening 

479  42 

474  47 

386  00 

389  00 

Language  and  literature     . 

355  66 

220  34 

202  00 

146  00 

Library       .... 

7,700  67 

8,942  56 

34  94 

111  62 

Mathematics 

200  36 

240  78 

84  00 

51  20 

Microbiology 

1,448  27 

1,904  23 

540  38 

776  92 

Military 

1,296  83 

1,401  50 

12  28 

- 

Mount  Toby 

393  48 

3,259  82 

585  11 

1,621  78 

Physical  education 

1,125  72 

1,114  44 

_ 

- 

Physics 

661  61 

682  84 

93  85 

74  25 

Pomology  . 

5,941  88 

4,910  95 

4,003  45 

2,635  57 

Poultry  husbandry 

13,638  17 

16,545  92 

9,355  08 

9,607  08 

President's  office 

2,324  00 

2,650  11 

25  29 

24  11 

Registrar's  office 

797  83 

801  73 

15 

50 

Rural  engineering 

639  11 

932  85 

262  50 

215  95 

Rural  sociology 

88  35 

81  75 

_ 

1  80 

Rural  social  science 

_ 

31  35 

- 

- 

Salaries 

187,402  56 

211,277  15 

_ 

_ 

Treasurer's  office 

1,943  66 

1,964  96 

76  08 

69  44 

Vegetable  gardening 

6,018  22 

6,487  10 

3,096  25 

3,029  36 

Veterinary  science 

1,456  27 

1,405  52 

25  28 

68  00 

Women's  dormitory 

- 

3,137  81 

_ 

4,851  65 

Zoology  and  geology 

592  79 

655  57 

385  00 

482  00 

General  expense 

1,453  61 

1,937  28 

1,453  61 

1,937  28 

Operating  and  maintenance 

130,948  01 

152,496  45 

12,761  54 

11,963  78 

State  Treasurer: 

Endowment  fund    . 

7,350  53 

13,644  71 

10,613  32 

10,639  36 

United  States  Treasurer: 

Morrill  fund    . 

16,371  24 

17,033  35 

16,666  67 

16,666  67 

Nelson  fund    . 

16,371  26 

17,033  33 

16,666  66 

16,666  66 

State  Treasurer,  account  of  schedules 

_ 

_ 

527,147  56 

562,518  93 

Income  to  State  Treasurer 

116,546  75 

92,527  32 

- 

- 

$680,863  41 

$706,269  55 

$687,652  22 

$699,018  94 

Less  journal  entries  and  refunds 

—11  26 

-89  00 

—11  26 

+13,422  91 

$680,852  15 

$706,180  55 

$687,640  96 

$702,441  85 

Less  amount  transferred  from  Experi- 

ment Station 

- 

- 

2,935  19 

- 

$680,852  15 

$706,180  55 

$684,705  77 

$702,441  85 

Balance  beginning  fiscal  year    . 

- 

- 

22,979  51 

26,833  13 

Balance  on  hand  at  close  of  fiscal  year 

26,833  13 

23,094  43 

- 

- 

$707,685  28 

$729,274  98 

$707,685  28 

$729,274  98 

92 


AGRICULTURAL  COLLEGE. 


[Feb. 


College  Accounts  —  Concluded. 
Summary. 


Disbursements. 

Receipts. 

Cash  on  hand  Dec.  1,  1920 

Institution  receipts  Nov.  30,  1921 

State  Treasurer's  receipts  Nov.  30,  1921       .... 
United  States  Treasurer's  receipts  Nov.  30,  1921 

State  Treasurer,  endow-ment  fund 

Total  disbursements     ........ 

Receipts  turned  in  to  State  Treasurer         .... 

$610,230  32 
92,527  32 

$26,833  13 
92,527  32 

562,518  93 
33,333  33 
10,639  36 

Bills  receivable  Dec.  1,  1920,  deducted        .... 
Bills  payable  Dec.  1,  1920,  deducted 

$702,757  64 
.1,785  17 

$725,852  07 
8,773  84 

Bills  receivable  Nov.  30,  1921 

Bills  payable  Nov.  30,  1921           .        .        .        . 
Balance 

$700,872  47 

3,801  17 
20,957  07 

$717,078  23 
8,552  48 

$725,630  71 

$725,630  71 
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Agricultural  Division. 
Disbursements  mid  Receipts. 


Disbursements. 


Receipts. 


Agronomy 
Animal  husbandry 
Dairying 
Farm 

Farm  management 
Poultry  husbandry 
Rural  engineering 
Division  totals 


$1,230  72 
671  28 

36,356  59 

42,190  94 
532  58 

16,545  92 
932  85 


S98,460  88 


$355  97 

215  50 

27,537  81 

15,733  96 

88  00 

9,607  08 

215  95 


3,754  27 


Summary. 


Dr. 


Cr. 


By  total  Division  receipts    . 

By  bills  receivable 

By  net  apportionment 

To  total  Division  disbursements 

To  bills  payable    .        .         .        . 

By  balance 


S98,460  88 

94  38 

4,231  23 


$102,786  49 


$53,754  27 

5,536  49 

43,495  73 


$102,786  49 


Inventory  of  Quick  Assets. 


Nov.  30,  1920.         Nov.  30,  1921. 


Inventory  of  produce 
Inventory  of  cattle 
Inventory  of  swine 
Inventory  of  horses 
Inventory  of  poultry 
Inventory  of  sheep 


$13,663  93 

$10,487  81 

17,850  00 

18,975  00 

1,171  00 

701  00 

3,650  00 

3,850  00 

2,467  50 

3,390  00 

2,885  00 

1,842  00 

$41,687  43 


9,245  81 
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HORTICULTTJR.\L   DIVISION. 

Disbursements  and  Receipts. 


Disbursements . 


Receipts. 


Floriculture  .         .         .         . 
Forestry        .        .        .        . 
General  horticulture     . 
Grounds 

Horticultural  manufactures 
Landscape  gardening    . 
Mount  Toby 

Pomology      .        .        .        . 
Vegetable  gardening 
Division  totals 


$8,143  79 
276  53 
8,522  66 
8,306  21 
3,324  25 
474  47 
3,259  82 
4,910  95 
6,487  10 


843,705  78 


$4,680  41 

72  00 

477  50 

2  75 

697  45 

389  00 

1,621  78 

2,635  57 

3,029  36 


S13,605  82 


Summary. 


Db. 


Cr. 


By  total  Division  receipts    . 

By  bills  receivable 

By  net  apportionment 

To  total  Division  disbursements 

To  bills  payable   ... 

By  balance    .        .        .        .        , 


$13,605  82 

2,771  39 

33,469  18 

$43,705  78 

40  73 

6.099  88 

$49,846  39 

$49,846  39 

Inventory  of  Quick  Assets. 


Nov.  30,  1920. 


Nov.  30,  1921. 


Floriculture  .        .        .        .        , 
General  horticulture  (live  stock) 
Horticultural  manufactiures 
Mount  Toby 

Pomology      .... 
Vegetable  gardening 


$1,500  GO 
1,855  00 
150  00 
4,050  00 
1,350  00 
85  00 
$8,990  00 


$2,000  00 

1,285  00 

150  00 

660  00 

'  1,400  00 
245  00 

$5,740  00 
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Experiment  Station. 
Disbursements  and  Receipts. 


Disburse- 
ments from 
Dec.  1,  1920, 
to  Nov.  30, 
1921. 

Receipts 

from 
Dec.  1,  1920, 
to  Nov.  30, 

1921. 

Apportion- 
ment for 

Year  ending 

Nov.  30, 

1921. 

Balance 

to 
Credit. 

Administration 

$1,573  27 

- 

$1,586  63 

$13  36 

Agricultural 

8,828  02 

$798  78 

9,000  00 

171  98 

Agricultural  economics 

453  34 

- 

500  00 

46  66 

Botanical 

2,205  51 

- 

2,150  00 

—55  51 

Chemical 

4,208  81 

1,490  48 

3,500  00 

—708  81 

Cranberry 

4,426  11 

6,318  34 

4,300  00 

—126  11 

Entomological 

622  89 

- 

600  00 

—22  89 

Freight  and  express    .... 

205  21 

- 

300  00 

94  79 

Library 

721  55 

- 

591  05 

—130  50 

Meteorology 

637  92 

- 

600  00 

—37  92 

Microbiology 

799  94 

- 

800  00 

06 

Pomology 

3,103  26 

858  24 

3,150  00 

46  74 

Poultry        .        .        .        .        . 

2,634  16 

- 

2,900  00 

265  84 

Publications 

2,268  53 

- 

2,400  00 

131  47 

Salaries 

69,711  01 

- 

71,684  84 

1,973  83 

Treasurer's  office         .         .... 

358  47 

- 

400  00 

41  53 

Veterinary 

833  02 

- 

700  00 

—133  02 

Hatch  fund 

- 

15,000  00 

- 

- 

Adams  fund 

- 

15,000  GO 

- 

- 

State  Treasurer,  account  of  schedules 

- 

73,841  00 

- 

- 

Income  remitted  to  State  Treasurer  . 

9,465  84 

- 

- 

- 

$113,056  86 

$113,306  84 

$105,162  52 

$1,571  50 

Balance  beginning  fiscal  year  Dec.  1, 

1920. 
Balance  on  hand  Nov.  30,  1921  . 

3,112  50 

2,862  52 

- 

- 

Totals 

$116,169  36 

$116,169  36 

- 

- 
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Experiment  Station  —  Continued. 
Comparative  Disbursements  and  Receipts,  1920-21. 


Accounts. 


Administration 

Agricultural 

Agricultviral  economics 

Botanical 

Chemical 

Cranberry 

Entomological 

Freight  and  express   .        ... 

Horticultural 

Library       

Meteorology 

Microbiology 

Pomology 

Poultry 

Publications 

Salaries       ...... 

Treasurer's  office        .... 

Veterinary 

Hatch  fund 

Adams  fund 

Transferred  to  general  maintenance  . 
State  Treasurer,  account  of  schedules 
Income  remitted  to  State  Treasurer  . 

Less  refunds 

Balance  beginning  of  fiscal  year 
Balance  on  hand  at  close  of  fiscal  year 
Totals 


DiSBUBSEMENTS. 


1920. 


$943  03 

8,747  21 

434  66 

2,046  51 

3,879  58 

5,874  74 

514  56 

197  52 

2,329  82 

524  66 

364  58 

848  38 

2,690  18 

2,552  05 

60,444  48 

359  41 

532  04 


8,044  81 


$101,328  22 
7  69 


$101,320  53 


2,862  52 


$104,183  05 


1921. 


$1,573  27 

8,828  02 

453  34 

2,205  51 

4,208  81 

4,426  11 

622  89 

205  21 

721  55 

637  92 

799  94 

3,103  26 

2,634  16 

2,268  53 

69,711  01 

358  47 

833  02 


9,485  84 


$113,056  86 


$113,056  86 


3,112  50 


$116,169  36 


Receipts. 


1920. 


$1  35 
1,689  80 


2,432  80 
3,912  35 


16  20 


15,000  00 

15,000  00 

2,935  19 

60,364  07 


$101,351  76 

7  69 


$101,344  07 
2,838  98 


$104,183  05 


1921. 


$798  78 


1,490  48 
6,318  34 


858  24 


15,000  00 
15,000  00 


73,841  00 


$113,306  84 


$113,306  84 
2,862  52 


$116,169  36 
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Experiment  Station  —  Concluded. 
Analysis  of  Experiment  Station  Accounts. 


Adams 
Fund. 


Hatch 
Fund. 


State 
Fund. 


Totals. 


Salaries 

Labor         

Publications       .... 
Postage  and  stationery 
Freight  and  express  . 
Heat,  light,  water  and  power   . 
Chemical  and  laboratory  supplies 
Seeds,"  plants  and  sundry  supplies 

Fertilizers 

Feedstufifs  .... 

Library 

Tools,  machinery  and  appliances 
Furniture  and  fixtures 
Scientific  apparatus  and  specimens 
Live  stock  .... 

Traveling  expenses  . 
Contingent  expenses 
Buildings  and  land   . 

Totals  .... 


814,487  08 
512  82 


142  48 
8  45 


66  13 


$15,315  84 


514,336  68 
97  50 


$14,434  18 


$40,887  25 

15,584  41 

1,666  02 

2,213  34 

250  48 

500  88 

2,314  10 

2,244  43 

1,066  46 

1,446  38 

816  20 

688  49 

617  52 

205  27 

286  94 

2,252  50 

5  00 

795  33 


$69,711  01 

16,194  73 

1,666  02 

2,213  34 

250  48 

500  88 

2,314  10 

2,343  31 

1,208  94 

1,454  83 

816  20 

688  49 

617  52 

271  40 

286  94 

2,252  50 

5  00 

795  33 


$73,841  00 


$103,591  02 


Summary. 


Disbursements . 

Receipts. 

Cash  on  hand  Dec.  1,  1920 

Receipts  from  State  Treasurer 

Receipts  from  United  States  Treasurer       .... 

Receipts  from  other  sources 

Total  disbursements 

Receipts  turned  in  to  State  Treasurer         .... 

$103,591  02 
9,465  84 

$2,862  52 

73,841  00 

30,000  00 

9,465  84 

Bills  receivable  Dec.  1,  1920,  deducted        .        ... 
Bills  payable  Dec.  1,  1920,  deducted 

$113,056  86 
169  19 

$116,169  36 
640  87 

Bills  receivable  Nov.  30,  1921 

Bills  payable  Nov.  30,  1921  .        .        .        .     •   . 

Balance 

$112,887  67 

173  73 
3,807  25 

$115,528  49 
1,340  16 

$116,868  65 

$116,868  65 
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Extension  Seevjce.^ 
Disbursements  and  Receipts. 


Classification. 


Disbiirse- 
ments. 


Receipts. 


Apportion- 
ment. 


Administration 

Animal  husbandry    . 

Co-operative  marketing    . 

Correspondence  Courses    . 

County  agents'  work 

Clothing  efficiency    . 

Dairying    .... 

Director's  office 

Entomology 

Exhibits     .... 

Extension  courses  at  College 

Extension  schools 

Farm  management  demonstration 

Forestry     .... 

Home  demonstration  agents 

Home  economics  specialists 

Home  gardening 

Horticultural  manufactures 

Junior  Extension  work 

Landscape  extension 

Lectures     .... 

Library  extension 

Local  community  organization 

Methods  of  extension  instruction 

Nutrition  and  household  management 

Plant  diseases    . 

Pomology  . 

Poultry  husbandry 

Printing     . 

Personal  services 

Rural  engineering 

Soils  and  crops  . 

State  Treasurer,  account  of  schedules 

Income  to  State  Treasurer 


Less  refunds 


$4,227  18 

994  00 

1,058  09 

1,310  24 

1,187  65 

424  62 

235  72 


11  26 

1,009  98 

1,384  74 

244  91 

1,520  91 


3,646  94 

1,312  76 

656  28 

1,503  18 

5,683  85 

467  83 

49  10 

69  47 


364  40 

1,665  60 

1,193  35 

6,248  36 

46,884  54 

122  58 

563  24 

1,131  44 


5,172  22 
16  68 


5,155  54 


S136  92 


716  85 


12  52 


25  20 


130  40 


109  55 


84,024  10 


$85,155  54 


$85,155  54 


$4,200  00 

900  00 

1,500  00 

2,800  00 

1,300  00 

250  00 

100  00 
1,500  00 
1,150  00 

200  00 
2,200  00 

125  00 
3,500  00 

400  00 

1,500  00 

4,265  11 

1,100  00 

50  00 

400  00 

100  00 

100  00 

100  00 

1,550  00 

1,600  00 

3,859  89 

47,300  00 

150  GO 
1,100  00 


$83,300  00 


I  Includes  State  Smith-Lever  fund. 
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Extension  Service  —  Continued. 
Summary. 


Disbursements. 

Receipts. 

Balance  Dec.  1,  19201 

Receipts  Nov.  30,  1921 

Received  from  State  Treasurer 

Received  from  United  States  Treasurer      .... 

Disbursements  to  Nov.  30,  1921 1 

Receipts  turned  in  to  State  Treasurer         .... 

S118,127  71 
1,131  44 

$6,848  30 

1,131  44 

84,024  10 

31,262  06 

Bills  receivable  Dec.  1,  1920,  deducted 

Bills  payable  Dec.  1,  1920,  deducted 

$119,259  15 
339  01 

$123,265  90 
7  50 

Bills  receivable  Nov.  30,  1921 

Bills  payable  Nov.  30,  1921 

$118,920  14 

753  88 
3,598  89 

$123,258  40 
14  51 

$123,272  91 

$123,272  91 

1  Includes  Federal  Smith-Lever  fund. 
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Extension  Service  —  Concluded. 
Analysis  of  Extension  Service  Disbursements. 


Travel. 

Equip- 
ment. 

Supplies. 

Postage, 

Sta- 
tionery 
and  Small 
Printing. 

Salaries 

and 
Labor. 

Totals. 

Administration 

$2,348  37 

$382  34 

$213  70 

$1,276  47 

—$57  30 

$4,163  58 

Animal  husbandry  . 

928  28 

1  40 

- 

80  14 

95  65 

1,105  47 

Co-operative  marketing  . 

878  76 

34  10 

29  88 

115  35 

- 

1,058  09 

Correspondence  Courses 

85  86 

- 

43  50 

1,175  13 

637  04 

1,941  53 

County  agents'  work 

844  05 

20  76 

22  26 

300  58 

104  23 

1,291  88 

Clothing  efficiency  . 

339  58 

1  75 

7  15 

76  14 

5  00 

429  62 

Dairying 

226  94 

- 

- 

8  78 

223  33 

459  05 

Director's  office 

- 

- 

- 

- 

58  58 

58  58 

Entomology     .... 

11  26 

- 

- 

- 

- 

11  26 

Exhibits 

318  36 

38  58 

265  66 

370  80 

133  23 

1,126  63 

Extension  courses  at  College   . 

328  69 

25  35 

355  16 

674  04 

631  07 

2,014  31 

Extension  schools     . 

55  62 

- 

60  00 

135  89 

16  08 

267  59 

Farm  management  demonstra- 
tion. 
Home  demonstration  agents   . 

567  72 
2,145  06 

65  79 

242  47 

953  94 
1,338  24 

129  62 
205  76 

1,651  28 
3,997  32 

Home  economics  specialists     . 

1,269  77 

- 

8  39 

34  60 

210  00 

1,522  76 

Home  gardening 

237  16 

- 

136  18 

282  94 

70  85 

727  13 

Horticultural  manufactures     . 

1,183  01 

26  73 

142  26 

151  18 

18  90 

1,522  08 

Junior  Extension  work    . 

3,274  25 

97  09 

149  45 

2,157  58 

115  15 

5,793  52 

Landscape  extension 

430  29 

1  20 

- 

36  34 

12  50 

480  33 

Lectures   .        .        .         .         . 

49  10 

- 

- 

- 

- 

49  10 

Library  extension 

- 

- 

49  85 

10  27 

- 

60  12 

Local  community  organization 

- 

- 

- 

- 

2  00 

2  00 

Nutrition  and  household  man- 
agement. 
Pomology         .        .        .         . 

284  75 
907  65 

211  71 

14  22 
174  23 

65  43 
372  01 

_ 

364  40 
1,665  60 

Poultry  husbandry 

1,096  48 

6  60 

8  20 

82  83 

- 

1,194  11 

Printing 

92  72 

84  35 

38  33 

5,909  37 

293  43 

6,418  20 

Personal  services 

- 

- 

- 

- 

43,162  74 

43,162  74 

Rural  engineering    . 

97  91 

- 

- 

24  67 

7  00 

129  58 

Soils  and  crops 

501  39 

- 

50  40 

11  45 

809  68 

1,372  92 

$18,503  03 

$997  75 

$2,011  29 

$15,644  17 

$46,884  54 

$84,040  78 

Less  refunds     .... 

- 

- 

- 

16  68 

- 

16  68 

Totals         .... 

$18,603  03 

$997  75 

$2,011  29 

$15,627  49 

$46,884  54 

$84,024  10 

1922. 


PUBLIC  DOCUMENT  — No.  31. 


105 


Smith-Lever  Fund  (Federal). 


Disbursements. 


Receipts. 


Administration      ..... 

Animal  husbandry        .... 

District  and  county  agents 

Home  demonstration  agents 

Home  economic  specialists  . 

Junior  extension  works 

Nutrition  and  household  management 

Printing  and  publications    . 

Salaries 

State  Treasurer 

Balance  beginning  fiscal  year  Dec.  1,  1920 
Balance  on  hand  Nov.  30,  1921    . 
Totals 


$279  13 
39  13 
43  76 

253  10 
21  11 

339  61 

69  05 

70  22 
32,988  50 


$34,103  61 


4,006  75 


8,110  36 


$31,262  06 


$31,262  06 
6,848  30 


8,110  36 
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SUMIVIARY. 


Dr. 

Cr. 

State  appropriation 

Amount  of  receipts 

Amount  of  receipts  transferred  to  State  Treasurer 

Department  expenditures 

Balance  unexpended     ......... 

$4,921  85 

53,078  75 

1,271  25 

$54,350  00 
4,921  85 

Totals 

$59,271  85 

$59,271  85 

Market-Gardening  Field  Station. 


Dr. 

Cr. 

Labor 

Maintenance 

$5,689  49 
3,031  49 

Total 

State  appropriation 

Amount  of  receipts       .         .         .         .     '    . 
Amount  of  receipts  transferred  to  State  Treasurer 

Department  expenditures 

Balance  unexpended 

$8,720  98 

$3,071  14 

8,720  98 

351  15 

$9,072  13 
3,071  14 

Totals 

$12,143  27 

$12,143  27 

Special  Appropriations. 


Date 
made. 

Appropria- 
tion. 

Amount 
expended 
to  Date. 

Unexpended 
Balance. 

Women's  dormitory 

Engineering  study 

Stable  for  cavalry  barn     .... 

Improvements  and  equipment 

Administration  building,  Market-Garden 

Field  Station. 
Chemistry  building,  architect's  fees' 

1919 
1919 
1920 
1921 
1921 

$127,400  00 
2,000  00 
15,CO0  00 
47,305  22 
10,000  00 
2,000  00 

$127,400  00 
2,000  00 
15,000  00 
47,305  22 
7,331  01 
2,000  00 

$2,668  99 

Amount  spent  previous  to  Dec.  1,  1920    . 
Amount  expended  during  fiscal  year 
Unexpended  balance  Nov.  30,  1921  . 

- 

$203,705  22 

$201,036  23 
2,668  99 

$2,668  99 
109,456  38 
91,579  85 

$203,705  22 

$203,705  22 

$203,705  22 

'■  This  payment  was  authorized  by  the  Auditor's  office  of  the  Commonwealth,  and  is  not  a 
special  appropriation. 
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Im^ENTORY. 

Land  (Estimated  Vahie). 


Angus  land 

Allen  place 

Baker  place 

Bangs  place 

Brown  land 

Charmbury  place 

Clark  place  .     =     . 

College  farm 

Cranberrj'  land    . 

George  Cutler,  Jr.,  trustee 

Dickinson  land     . 

Harlow  farm 

Hawley  and  Brown  place 

Kellogg  place 

Loomis  place 

Louisa  Baker  place 

Market-Garden  Field  Station 

Mount  Toby  demonstration  forest 

Newell  farm 

Old  creamery  place 

Owen  farm 

Pelham  quarry     . 

Tillson  farm 

Westcott  place 

Total 


$800 

500 

2,500 

2,350 

500 

450 

4,500 

37,000 

12,745 

2,700 

7,850 

1,584 

675 

3,368 

415 

5,000 

4,800 

30,000 

2,800 

1,000 

5,000 

500 

2,950 

2,250 


00 
00 
00 
00 
00 

oo 

00 
00 
00 
00 
00 
63 
00 
45 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 


$132,238  08 
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Inventory  —  Continued. 
College  Buildings  (Estimated  Vahce)  1921. 


Inventory 

at 

Beginning 

of  Year. 

Per 
Cent 
de- 
ducted. 

Value  at 
Beginning 
of  Year 
less  De- 
terioration. 

Repairs 
and 

Improve- 
ments 
during 
Year. 

Total 
Value  at 

Close 
of  Fiscal 

Year. 

Adams  Hall 

- 

- 

8127,400  00 

$2,216  70 

$129,616  70 

Animal  husbandry  building 

$9,061  06 

2 

8,879  84 

26  00 

8,905  84 

Apiary  ....!.. 

2,946  30 

2 

2,887  37 

18  39 

2,905  76 

Cashier's  house 

1,552  57 

5 

1,474  94 

35  86 

1,510  80 

Chemical  laboratory     .        .        .        . 

8,515  55 

5 

8,089  77 

386  36 

8,476  13 

Clark  Hall 

62,059  90 

2 

60,818  70 

557  37 

61,376  07 

Cold-storage  laboratory 

10,796  29 

2 

10,580  36 

6  01 

10,586  37 

Dairy  building      .         .         . 

69,864  34 

2 

68,467  05 

664  70 

69,131  75 

Dairy  barn  and  storage 

26,602  92 

3 

25,804  83 

5,153  82 

30,958  65 

Draper  Hall 

67,073  52 

3 

65,061  31 

3,990  96 

69,052  27 

Drill  hall  and  gun  shed 

9,270  27 

5 

8,806  76 

439  06 

9,245  82 

Durfee  glass  house  (old) 

7,782  83 

5 

7,393  69 

86  07 

7,479  76 

Durfee  glass  house  (new) 

11,584  31 

5 

11,005  09 

10  17 

11,015  26 

Farm  bungalow 

2,576  22 

3 

2,498  93 

64  64 

2,563  57 

Farmhouse  No.  1  . 

2,851  84 

3 

2,766  28 

156  22 

2,922  50 

Farmhouse  No.  2  . 

3,883  05 

8 

3,572  41 

793  81 

4,366  22 

Fernald  Hall 

72,539  63 

2 

71,088  84 

756  73 

71,845  57 

French  Hall  . 

45,744  80 

2 

44,829  90 

994  37 

45,824  27 

Grounds  tool  shed 

221  11 

5 

210  05 

- 

210  05 

Harlow  house 

2,055  93 

5 

1,953  13 

55  84 

2,008  97 

Horse  barn    . 

4,524  55 

3 

4,388  81 

367  02 

4,755  83 

Head  of  Division  of  Horticulture,  resi- 
dence. 
Horticultural  barn        .... 

2,174  87 

5 

2,066  13 

121  79 

2,187  92 

3,627  92 

3 

3,519  08 

188  52 

3,707  60 

Horticultural  tool  shed 

1,665  95 

3 

1,615  97 

- 

1,615  97 

Horticultural  open  shed 

501  38 

5 

476  31 

17  74 

494  05 

Horticultural  manufactures  shed 

3,185  24 

5 

3,025  98 

598  53 

3,624  51 

Hospital 

14,560  90 

2 

14,269  68 

347  72 

14,617  40 

Kellogg  house  and  barn 

3,243  92 

5 

3,081  72 

71  96 

3,153  68 

Machinery  barn 

3,509  87 

3 

3,404  57 

2  64 

3,407  21 

Market-Garden  Field  Station  barn 

3,194  36 

3 

3,098  53 

- 

3,098  53 

Mathematical  building 

4,898  61 

5 

4,653  68 

16  39 

4,670  07 

Microbiology  building  .... 

57,891  13 

2 

56,733  31 

411  65 

57,144  96 

Military  storage 

225  62 

5 

214  34 

- 

214  34 

Mount  Toby  house  and  barn 

3,619  19 

5 

3,438  23 

48  09 

3,486  32 
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Ina^entory  —  Continued. 
College  Buildings  (Estimated  Value)  1921 


Concluded. 


Inventory 

at 

Beginning 

of  Year. 

Per 

Cent 
de- 
ducted. 

Value  at 
Beginning 
of  Year 
less  De- 
terioration. 

Repairs 

and 
Improve- 
ments 
during 
Year. 

Total 
Value  at 

Close 
of  Fiscal 

Year. 

North  dormitory 

$25,186  21 

2 

$24,682  49 

$2,233  88 

$26,916  37 

Physics  laboratory        .        .        .        . 

4,579  99 

5 

4,350  99 

81  98 

4,432  97 

Piggery 

2,515  94 

3 

2,440  46 

28  97 

2,469  43 

Poultry  department: 

No.  1,  demonstration  building 

1,365  56 

2 

1,338  25 

143  06 

1,481  31 

No.  2,  oil  house          .        .        .        . 

74  92 

2 

73  42 

1  64 

75  06 

No.  3,  brooder  killing  and  fattening 

laboratory. 
No.  4,   mechanics,   storage   building 

and  incubator  cellar. 
No.  5,  laying  house    .         .         .         . 

2,285  84 

2 

2,240  12 

121  87 

2,361  99 

3,352  77 
1,704  59 

2 
2 

3,285  71 
1,650  50 

81  52 

14  82 

3,367  23 
1,665  32 

No.  6,  manure  shed            .        .        . 

90  98 

2 

89  16 

- 

89  16 

No.  7,  small  henhouse 

45  79 

2 

44  87 

- 

44  87 

No.  8,  breeding  house 

1,450  17 

2 

1,421  17 

2  53 

1,423  70 

No.  9,  experimental  breeding  house  . 

568  78 

2 

557  40 

- 

557  40 

No.  10,  duck  house    .        .        .        . 

94  13 

2 

92  25 

- 

92  25 

No.  11,  unit  house  for  200  hens 

476  21 

2 

466  69 

- 

466  69 

No.  12,  unit  hoxise  for  100  hens 

384  26 

2 

376  57 

- 

376  57 

Power  plant  and  storage  building,  in- 
cluding coal  pocket. 
President's  house 

48,020  63 
13,074  51 

2 
3 

47,060  22 
12,682  27 

995  07 
312  25 

48,055  29 
12,994  52 

Farm  blacksmith  shop 

458  13 

3 

444  39 

- 

444  39 

Rural  engineering  building  . 

3,503  25 

2 

3,433  18 

123  37 

3,556  55 

Sheep  barn 

1,371  18 

3 

1,330  04 

50  84 

1,380  88 

South  dormitory            .... 

38,571  04 

2 

37,799  62 

1,498  60 

39,298  22 

Stable  for  cavalry  unit 

- 

15,000  00 

3,141  38 

18,141  38 

Stockbridge  Hall 

169,031  66 

2 

165,651  03 

824  85 

166,475  88 

Agronomy  greenhouse 

1,959  98 

2 

1,920  78 

3  38 

1,924  16 

Stockbridge  house         .... 

1,569  89 

5 

1,491  40 

78  92 

1,570  32 

Stone  chapel 

28,707  98 

2 

28,133  82 

1,945  90 

30,079  72 

Turbine  house 

18,246  87 

2 

17,881  93 

554  22 

18,436  15 

Vegetable  plant  house  .... 

4,258  14 

5 

4,045  23 

115  22 

4,160  45 

Veterinary  laboratory  and  stable 

21,662  26 

2 

21,229  01 

114  67 

21,343  68 

Waiting  station 

460  98 

2 

451  76 

5  57 

57  33 

Wilder  Hall   .        .        .        .        . 

33,723  32 

2 

33,048  85 

122  30 

33,171  15 

Young  stock  barns        .... 

5,735  56 

3 

5,563  49 

71  62 

5,635  11 

Totals 

$958,337  47 

- 

$1,077,852  66 

$31,273  56 

$1,109,106  22 
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Inventory  —  Continued. 

College  Equi'pment  {Estimated  Value). 
Administrative  division : 

Dean's  office 

President's  office    . 

Registrar's  office    . 

Treasurer's  office    . 
Agricultural  division: 

Agronomy     . 

Animal  husbandry 

Dairy  . 

Farm    . 

Farm  management 

General  agriculture 

Poultry 

Rural  engineering 
Domestic  science 
Dining  hall 
Extension    . 
General  science: 

Apiary 

Botanical 

Chemical 

Entomology 

Mathematics 

Microbiology 

Physics 

Veterinary     . 

Zoological  and  geological 
Graduate  School 
Horticultural  division : 

Floriculture  . 

Forestry 

General  horticulture 

Grounds 

Horticultural  manufactures 

Landscape  gardening 

Market-Garden  Field  Station 

Mount  Toby  Reservation 

Pomology 

Vegetable  gardening 
Hospital      .... 
Humanities  division: 

Economics  and  sociology 

Language  and  literature 
Library  .... 
Military  .... 
Operating  and  maintenance: 

College  supply 

Fire  apparatus 

General  maintenance: 
Office      . 

Carpentry  and  masonry  supplies 
Electrical  supplies 


$600  80 
2,699  50 
1,204  22 

4.116  39 

8.565  33 
935  48 

24,377  65 

44,159  81 

1,242  05 

2,638  95 

10,184  52 

6.733  83 

3,289  54 

25,661  66 

12,706  37 

2,362  11 
23,985  65 
18,743  61 

5.117  97 
2,263  00 
6,326  25 
6,836  39 

10,176  16 

17,240  79 

74  70 

32,437  83 
2,618  23 
7,047  00 
2,152  45 
5,095  55 

5.566  22 
1,937  23 
3,655  36 
9,164  26 
3,717  17 
1,003  00 

150  72 

646  50 

121,121  99 

1,395  84 

1,270  26 
1,902  45 

871  35 
5,488  20 
4,296  58 
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Inventory  —  Continued. 

College  Equipment  (Estimated  Value) 

Operating  and  maintenance —  Con. 
General  maintenance  —  Con. 

Equipment      .... 
Heating  and  plumbing  supplies 
Power  plant  supplies 
Painting  supplies 
Steam  main    . 
Lighting  lines 
Janitor's  supplies  . 
Sewer  line 
Water  mains 
Physical  education 
Rural  social  science : 

Agricultural  economics 
Agricultural  education 
Rural  sociology 
Rural  social  science 
Short  course 
Textbooks  . 
Trophy  room 
Women's  dormitory 

Total    . 


Concluded. 


$82,396  77 

10,354  70 

537  18 

984  94 

56,159  38 

9,066  74 

1,185  87 

14,063  19 

13,445  74 

1,859  71 


Experiment  Station  Buildings  (Estimated  Value). 


Inventory 

at 

Beginning 

of  Year. 

Per 
Cent. 

Cost  at 
Beginning 
of  Year, 
less  Per 
Cent  De- 
terioration. 

Repairs 
and 

Improve- 
ments 
during 
Year. 

Total 
Value  at 

Close 
of  Year. 

Agricultural  laboratory 

$14,264  10 

2 

$13,978  82 

$784  90 

$14,763  72 

Agricultural  barn           .... 

4,329  90 

3 

4,200  00 

2  20 

4,202  20 

Agricultural  farmhouse 

1,481  70 

3 

1,437  25 

167  34 

1,604  59 

Agricultural  glass  house 

367  55 

5 

349  17 

- 

349  17 

Cranberry  buildings      .... 

3,242  31 

5 

3,080  19 

- 

3,080  19 

Plant  and  animal  chemistry  laboratory 

27,621  23 

2 

27,068  81 

562  05 

27,630  86 

Plant  and  animal  chemistry  barns 

4,116  62 

3 

3,993  12 

588  52 

4,581  64 

Plant  and  animal  chemistry  dairy 

1,665  95 

3 

1,615  97 

- 

1,615  97 

Six  poultry  houses         .... 

551  28 

2 

540  25 

75  43 

615  68 

Entomological  glass  houses  . 

682  33 

5 

648  21 

- 

648  21 

Tillson  house 

545  45 

5 

518  18 

9  70 

527  88 

Tillson  barn 

1,028  85 

5 

977  41 

- 

977  41 

Totals 

$59,897  27 

- 

$58,407  38 

$2,190  14 

$60,597  52 
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Inventoky  —  Concluded. 
Experiment  Station  Equipment  (Estimated  Value) 

Apiary        ..... 

Agricultural  Economics  Department 

Agricultural  laboratory 

Botanical  laboratory  . 

Chemical  laboratory   . 

Cranberry  Station 

Director's  office 

Entomological  laboratory 

Meterological  laboratory 

Microbiological  laboratory 

Pomology 

Poultry  Department   . 

Treasurer's  office 

Veterinary 


Summary. 


Total 


Land  .... 

'College  buildings 
College  equipment 
Experiment  Station  buildings 
Experiment  Station  equipment 

Total 


College  estate  (area)    ..... 

Cranberry  Station,  Wareham  (area) 
Market-Garden  Field  Station,  Lexington  (area) 
Mount  Toby  demonstration  forest  (area) 
Rifle  range  ...... 

Pelham  quarry   ...... 

Total  acreage        ..... 


$155 

76 

204 

62 

7,175 

75 

6,803 

58 

27,086 

34 

3,793 

78 

5,221 

82 

23,795 

55 

619 

00 

2,847 

15 

4,708 

67 

5,891 

58 

1,018  00 

238 

20 

$89,559  80 

$132,238  OS 

1,109,106 

22 

662,361 

47 

60,597 

52 

89,559 

SO 

$2,053,863 

09 

AcreB. 

642 

79 

23 

67 

12 

00 

755. 

27 

46. 

20 

50 

1,480.43 
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Students'  Trust  Fund  Account. 


Disburse- 
ments, 
Year  ending 
Nov.  30, 
1921. 

Receipts, 

Year  ending 

Nov.  30, 

1921. 

Balance  on 
Hand. 

Balance 
brought  for- 
ward Dec. 
1,  1920. 

Athletics 

$21,317  13 

$21,382  34 

—$2,264  71 

—$2,329  92 

Dining  hall 

97,906  67 

106,333  54 

—936  93 

—9,303  80 

Keys 

106  00 

111  50 

81  00 

75  50 

Students'  deposits       .... 

58,661  05 

60,351  28 

15,817  17 

14,126  94 

Social  Union 

1,660  57 

1,864  39 

800  56 

596  74 

Textbooks 

11,755  93 

13,092  81 

2,156  96 

820  08 

Athletic  field 

54  74 

- 

169  70 

224  44 

Uniforms 

263  70 

3,653  76 

3,517  62 

127  56 

Cow  testing 

20,285  18 

21,442  78 

1,516  60 

359  00 

Totals 

$212,010  97 

$228,232  40 

$20,857  97 

$4,636  54 

Balance  beginning  fiscal  year 

- 

4,636  54 

- 

- 

Balance  on  hand  Nov.  30,  1921  . 

20,857  97 

- 

- 

- 

Totals    .        .        .        . 

$232,868  94 

$232,868  94 

- 

- 

Condensed  Operating  Statement  of  the  Dining  Hall. 


Operating 
Charges. 

Income. 

1920. 

Dec.    1,  balance 

1921. 

Nov.  30,  Total  disbursements 

Outstanding  bills 

Total  collections 

Accounts  outstanding 

Inventory 

Balance 

—$9,363  80 

97,906  67 
1,173  53 

9,486  58 

$106,333  54 

721  28 

10,875  76 

Totals 

$117,930  58 

$117,930  58 

Endowment  Fund.^ 


Principal. 

Income. 

United  States  grant  (5  per  cent) 

Commonwealth  grant  (3}^  per  cent) 

$219,000  00 
142,000  00 

$7,300  00 
3.313  32 

Total 

- 

$10,613  32 

*  This  fund  is  in  the  hands  of  the  State  Treasurer,  and  the  Massachusetts  Agricultural  College- 
received  two-thirds  of  the  income  from  the  same. 
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Market 

Value  Dec. 

1,1921. 

Par  Value. 

Income. 

Two  bonds  American  Telephone  and  Telegraph  Company 
4s,  at  $880 

Two  bonds  Western  Electric  Company  5s,  at  $990     . 

One  United  States  Liberty  Bond  4J4s        .... 
Louisville  Gas  and  Electric  Company  7s    .        .        . 

$1,760  00 

1,980  00 

485  00 
500  00 

$2,000  00 

2,000  00 

500  00 
500  00 

$80  00 
100  00 
21  25 

Puget  Sound  Traction  Light  and  Power  Company   . 

Earnings  from  exchange  of  bonds 

Unexpended  balance  Dec.  1,  1920 

$4,725  00 

$5,000  00 

$201  25 

35  00 

14  22 

297  46 

Disbursements  for  fiscal  year  ending  Nov.  30,  1921  . 

- 

- 

$547  93 
222  12 

Cash  on  hand  Nov.  30,  1921 

- 

- 

$325  81 

Library  Fund. 

Five  bonds  New  York  Central  &  Hudson  River  Railroad 
Company  4s,  at  $860 

Five  bonds  Lake  Shore  &  Michigan  Southern  Railroad 
Company  4s,  at  $900 

Two  shares  New  York  Central  &  Hudson  River  Railroad 
Company  stock,  at  $75 

Amherst  Savings  Bank,  deposit 

Disbursements  for  fiscal  year  Nov.  30,  1921 


$4,300  00 
4,500  00 


150  00 

167  77 


9,117  77 


$5,000  00 
5,000  00 


200  00 

167  77 


$10,367  77 


$200  CO 
200  00 


10  00 
8  44 


$418  44 
418  44 


Special  Funds. 
Endowed  Labor  Fund  (the  Gift  of  a  Friend  of  the  College). 


Two  bonds  American  Telephone  and  Telegraph  Company 
4s,  at  $880 

Two  bonds  Lake  Shore  &  Michigan  Southern  Railroad 
Company  43,  at  $900 

One  bond  New  York  Central  Railroad  debenture  4s 

One  bond  Louisville  Gas  and  Electric  7s            ... 

Amherst  Savings  Bank,  deposit 

One  United  States  Liberty  Bond  4Ms        .... 

$1,760  00 

1,800  00 
860  00 

1,000  00 
143  39 
970  00 

$2,000  00 

2,000  00 
1,000  00 
1,000  00 
143  39 
1,000  00 

$80  00 

80  00 
40  00 
70  00 
7  22 
42  50 

Unexpended  balance  Dec.  1,  1920 

$6,533  39 

$7,143  39 

$319  72 
713  47 

Disbursements  for  fiscal  year  ending  Nov.  30,  1921   . 

- 

- 

$1,033  19 
1,022  23 

Cash  on  hand  Nov.  30,  1921 

- 

$10  96 

Whiting  Street  Scholarship  Fund. 

One  bond  New  York  Central  debenture  4s        .        .        . 
Amherst  Savings  Bank,  deposit 

$860  00 
271  64 

$1,000  00 
271  64 

$40  00 
13  72 

Unexpended  balance  Dec.  1,  1920 

$1,151  64 

$1,271  64 

$53  72 
448  91 

Cash  on  hand  Nov.  30,  1921 

- 

- 

$502  63 
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Special  Funds  —  Continued. 
Hills  Fund. 


Market 

Value  Dec. 

1,  1921. 


Par  Value. 


Two  United  States  Liberty  Bonds  4}is,  at  $970 

One  bond  American  Telephone  and  Telegrapli  Company 

4s,  at 

One  bond  New  York  Central  &  Hudson  River  Railroad 

debenture  4s,  at 

One  bond  New  York  Central  Railroad  debenture  4s,  at  . 
Three  bonds  Pacific  Telephone  and  Telegraph  Company 

5s,  at  $910 

One  bond  Western  Electric  Company  5s,  at       .        .         . 
Boston  &  Albany  Railroad  stock,  3^  bonds,  at  $130 

Amherst  Savings  Bank,  deposit 

Electric  Securities  Company  bonds,  l%o  bonds,  at  $900    . 
Two  bonds  Louisville  Gas  and  Electric  7s,  at  $1,000 

Unexpended  balance  Dec.  1,  1920 

Disbursements  for  fiscal  year  ending  Nov.  30,  1921  . 

Cash  on  hand  Nov.  30,  1921 


$1,940  00 

880  00 

860  00 
860  00 

2,730  00 

990  00 

471  00 

72  75 

1,062  00 

2,000  00 


$2,000  00 

1,000  00 

1,000  00 
1,000  00 

3,000  00 
1,000  00 
362  00 
72  75 
1,180  00 
2,000  00 


$11,865  75 


$12,614  75 


Mary  Robinson  Fund. 


Amherst  Savings  Bank,  deposit 

Boston  &  Albany  Railroad  stock,  %  share,  at  $130    . 
Electric  Securities  Company  bonds,  *\io  bond,  at  $900     . 

$142  00 

49  00 

738  00 

$142  00 

38  00 

820  00 

$7  17 

3  32 

41  00 

L'nexpended  balance  Dec.  1,  1920       .        .        . 

$929  00 

$1,000  00 

$51  49 
341  99 

Cash  on  hand  Nov.  30,  1921 

- 

- 

$393  48 

Grinnell  Prize  Fund. 


Ten  shares  New  York  Central  &  Hudson  River  Railroad 

stock,  at  $75 

Unexpended  balance  Dec.  1,  1920 

$750  00 

$1,000  00 

$50  00 
245  74 

Disbursements  for  prizes 

$750  00 

$1,000  00 

$295  74 
50  00 

Cash  on  hand  Nov.  30,  1921          .        .     '    . 

- 

- 

$245  74 

Gasselt  Scholarship  Fund. 


One  bond  New  York  Central  &  Hudson  River  Railroad 

debenture  4s,  at 

Amherst  Savings  Bank,  deposit 

$860  00 
11  64 

$1,000  00 
11  64 

$40  00 
54 

Unexpended  balance  Dec.  1,  1920 

$871  64 

$1,011  64 

$40  54 
344  73 

Cash  on  hand  Nov.  30,  1921 

- 

- 

$385  27 
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Special  Funds  —  Continued. 
Massachusetts  Agricultural  College  (Investment) . 


Market 

Value  Dec. 

1,  1921. 

Par  Value. 

Income. 

One  share  New  York  Central  &  Hudson  River  Railroad 

stock 

Unexjjended  balance  Dec.  1,  1920 

$75  00 

$100  00 

$5  00 
100  45 

Cash  on  hand  Nov.  30,  1921 

- 

- 

$105  45 

Danforth  Keyes  Bangs  Fund. 


Two  bonds  Pacific  Telephone  and  Telegraph  Company  5s, 
at  $910       

Two  bonds  Union  Electric  Light  and  Power  Company  5s, 
at  $900       

Two  bonds  American  Telephone  and  Telegraph  Company 
4s,  at  $880 

One  United  States  Liberty  Bond,  4J4s       .... 

Interest  from  student  loans         .         .         .         . 


Unexpended  balance  Dec.  1,  1920 


Total  loans  made  to  students  during  fiscal  year  $2,052  00 
Cash  received  on  account  of  students'  loans  .  2,587  16 
Excess  of  cash  received  over  loans  made    .... 

Cash  on  hand  Nov.  30,  1921 


$1,820  00 
1,800  00 


1,760  00 
970  00 


6,350  00 


$2,000  00 
2,000  00 


2,000  00 
1,000  00 


$7,000  00 


$100  00 

100  00 

80  00 
42  50 
109  44 


$431  94 
408  12 


$840  06 
535  16 


$1,375  22 


John  C.  Cutter  Fund. 


One  bond  Pacific  Telephone  and  Telegraph  Company  5s, 

at 

Unexpended  balance  Dec.  1,  1920 

$910  00 

$1,000  00 

$50  00 
129  79 

Disbursements  for  fiscal  year  ending  Nov.  30,  1921  . 

$910  00 

$1,000  00 

$179  79 
75  67 

Cash  on  hand  Nov.  30,  1921 

- 

- 

$104  12 

William  R.  Sessions  Fund. 


One  $500  bond  New  York  Central  &  Hudson  River  Rail- 
road 6s 

Three  United  States  Liberty  Bonds,  two  at  $1,000  and  one 
at  $500,  ilia,  at  $970 

One  bond  Toledo  Light  and  Power  Company  7s 

One  bond  Conemaugh  Light  and  Power  Company  8s 

$500  00 

2,425  00 
1,000  00 
1,050  00 

$500  00 

2,500  00 
1,000  00 
1,000  00 

$30  00 

106  25 
70  00 
80  00 

United  Electric  Light  Company 

Unexpended  balance  Dec.  1,  1920 

$4,975  00 

$5,000  00 

$286  25 
30  00 
128  99 

Disbursements  for  fiscal  year  ending  Nov.  30,  1921  . 

- 

- 

$445  24 
403  85 

Cash  on  hand  Nov.  30,  1921 

1 : 

- 

- 

$41  39 
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Special  Funds  —  Concluded. 
Alvord  Dairy  Scholarship  Fund. 


Market 

Value  Dec. 

1,1921. 

Par  Value. 

Income. 

One  United  States  Liberty  Bond  4J^s         .... 
One  bond  Toledo  Light  and  Power  Company  7s 
Two  bonds  Conemaugh  Light  and  Power  Company  8s,  at 
$1,050         

$970  00 
1,000  00 

2,100  00 

$1,000  00 
1,000  00 

2,000  00 

$42  50 
70  00 

160  00 

United  Electric  Light  Company 

Unexpended  balance  Dec.  1,  1920 

$4,070  00 

$4,000  00 

$272  50 

60  00 

453  22 

Disbursements  for  fiscal  year  ending  Nov.  30,  1921  . 

- 

- 

$785  72 
17  11 

Cash  on  hand  Nov.  30,  1921 

- 

- 

$768  61 
1 

Summary  of  Balances  on  Hand  of  the  Income  from  Funds  held  in 
Trust  by  the  Massachusetts  Agricultural  College. 

Burnham  emergency  fund 

Endowed  labor  fund  .... 

Whiting  Street  scholarship  fund 

Hills  fund 

Mary  Robinson  fund         .... 

Grinnell  prize  fund  .... 

Gassett  scholarship  fund 

Massachusetts  Agricultural  College  investment  fund 

Danforth  Keyes  Bangs  fund 

John  C.  Cutter  fund  .... 

William  R.  Sessions  fund 

Alvord  dairy  scholarship  fund  . 

Total ' 


$325  81 

10  96 

502 

63 

1,681 

47 

393 

48 

245 

74 

385 

27 

105  45 

1,375 

22 

104 

12 

41 

39 

768  61 

$5,940 

15 

I  hereby  certify  that  I  have  this  day  examined  the  Massachusetts  Agricultural 
College  account,  as  reported  by  the  treasurer,  Fred  C.  Kenney,  for  the  year  ending 
Nov.  30,  1921.  All  bonds  and  investments  are  as  represented  in  the  treasurer's 
report.  All  disbursements  are  properly  vouched  for,  and  all  cash  balances  are 
found  to  be  correct. 

CHARLES   A.    GLEASON, 

Axiditor. 
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History  of  Special  Funds. 
Bumham  emergency  fund : 
A  bequest  of  S5,000  from  T.  0.  H.  P.  Burnham  of  Boston 
made  without  any  conditions.    The  trustees  of  the  Col- 
lege directed  that  11,000  of  this  fund  should  be  used  in 
the  purchase  of  the  Newell  land  and  Goessmann  Library. 
The  fund  ■now  shows  an  investment  of       ...       .      $4,000  00 
Library  fund : 
The  library  of  the  College  at  the  present  time  contains  67,- 
445  volumes.    The  income  from  the  fund  raised  by  the 
alumni  and  others  is  devoted  to  its  increase,  and  addi- 
tions are  made  from  time  to  time  as  the  needs  of  the 
different  departments  require.    Dec.  27,  1883,  William 
Knowlton  gave  $2,000;    Jan.  1,  1894,  Charles  L.  Flint 
gave  $1,000;  in  1887,  Eli zur  Smith  of  Lee,  Mass.,  gave 
$1,315.      These   were    the   largest   bequests   and   now 

amount  to        . 10,000  00 

Endowed  labor  fund : 
Gift  of  a  friend  of  the  College  in  1901,  income  of  which  is 
to  be  used  for  the  assistance  of  needy  and  deserving 

students 5,000  00 

Whiting  Street  scholarship  fund : 
Gift  of  Whiting  Street  of  Northampton,  for  no  special  pur- 
pose, but  to  be  invested  and  the  income  used.    This  fund 
is  now  used  exclusively  for  scholarship       ....        1,000  00 
HiUsfund: 
Gift  of  Leonard  M.  and  Henry  F.  Hills  of  Amherst,  Mass., 
in  1867,  to  establish  and  maintain  a  botanic  garden        .      10,000  00 
Mary  Robinson  fund : 
Gift  of  Miss  Mary  Robinson  of  Medfield,  in  1874,  for 

scholarship       .       .' .       .        1,000  00 

Grinnell  prize  fund: 
Gift  of  Hon.  Wm.'  Claflin,  to  be  known  as  the  Grinnell 
agricultural  prize,  to  be  given  to  the  two  members  of  the 
graduating  class  w|io  may  pass  the  best  oral  and  written 
examination  in  theory  and  practice  of  agriculture,  given 
in  honor  of  George  B.  Grinnell  of  New  York    .       .       .        1,000  00 
Gassett  scholarship  fund : 
Gift  of  Henry  Gassett  of  Boston,  the  income  to  be  used 

for  scholarship      . .       .' 1,000  00 

Massachusetts  Agricultural  College  investment  fund : 
Investment  made  by  vote  of  trustees  in  1893  to  purchase 
one  share  of  New  York  Central  &  Hudson  River  Railroad 
stock.    The  income  from  this  fund  has  been  allowed  to 
accumulate 100  00 
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Danf orth  Keyes  Bangs  fund : 

Gift  of  Louisa  A.  Baker  of  Amherst,  Mass.,  April  14,  1909, 
the  income  thereof  to  be  used  annually  in  aiding  poor, 
industrious,  and  deserving  students  to  obtain  an  educa- 
tion in  said  college $6,000  00 

John  C.  Cutter  fund: 

Gift  of  Dr.  John  C.  Cutter  of  Worcester,  Mass.,  an  alumnus 
of  the  College,  who  died  in  August,  1909,  to  be  invested 
by  the  trustees,  and  the  income  to  be  annually  used  for 
the  purchase  of  books  on  hygiene 1,000  00 

Alvord  dairy  scholarship  fund : 

Gift  of  Henry  E.  Alvord,  who  was  the  first  instructor  in 
military  tactics,  1869-71,  and  a  professor  of  agriculture 
1885-87,  at  this  institution.  The  income  of  this  fund  is 
to  be  applied  to  the  support  of  any  worthy  student  of  said 
College,  graduate  or  postgraduate,  who  may  be  making 
a  specialty  of  the  study  of  dairy  husbandry  (broadly 
considered)  with  the  intention  of  becoming  an  investi- 
gator, teacher,  or  special  practitioner  in  connection  with 
the  dairy  industry,  provided  that  no  benefits  arising 
from  such  fund  shall  at  any  time  be  applied  to  any  person 
who  then  uses  tobacco  in  any  form,  or  fermented  or 
_  spirituous  beverages,  or  is  known  to  have  done  so  within 
one  year  next  preceding 4,000  00 

William  R.  Sessions  fund: 
In  accordance  with  the  request  of  my  deceased  wife,  Clara 
Markham  Sessions,  made  in  her  last  will,  I  bequeath  to 
the  trustees  of  the  Massachusetts  Agricultural  College, 
Amherst,  Mass.,  the  sum  of  $5,000,  it  being  the  amount 
received  by  me  from  the  estate  of  the  said  Clara  Mark- 
ham  Sessions.  The  said  $5,000  to  be  kept  by  the  said 
trustees  a  perpetual  fund,  the  income  from  which  shall 
be  for  the  use  of  the  Massachusetts  Agricultural  College ; 
and  according  to  the  further  request  of  my  deceased  wife, 
made  in  her  last  will,  this  is  to  be  known  as  the  William  R. 
Sessions  fund,  and  is  to  be  a  memorial  of  William  R.  Ses- 
sions; and  it  is  my  special  request  that  the  said  trustees 
shall  make  record  of  the  fact  that  this  fund  came  from 
the  estate  of  my  deceased  wife,  Clara  Markham  Sessions, 
in  accordance  with  her  request  made  in  her  last  will       .       5,000  00 


149,100  00 


FRED  C.  KENNEY, 
Treasurer. 
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The  Massachusetts 
Agricultural  College 


Without  excluding  other  scientific  and  classical  studies,  and  including 
military  tactics,  to  teach  such  branches  of  learning  as  are  related  to 
agriculture  and  mechanic  arts  in  such  manner  as  the  legislatures  of  the 
states  may  respectively  prescribe,  in  order  to  promote  the  liberal  and 
practical  education  of  the  industrial  classes  in  the  several  pursuits  and 
professions  of  life.  — Act  of  Congress,  July  2,  1862. 


This  issue  of  the  catalogue  represents  the  status  of  the  college  for  the  current 
college  year,  with  provisional  announcement  of  courses  of  study  and  other 
matters  for  the  year  to  follow.  When  deemed  necessary,  additional  an- 
nouncements are  made  in  a  supplementary  bulletin,  published  in  the  spring. 


The  college  reserves,  for  itself  and  its  departments,  the  right  to  withdraw 
or  change  the  announcements  made  in  its  catalogue. 


Calendae. 


1921-22-23. 


Regular  and  Two-Yeaes  Courses. 
1821. 


September  21-24,  Wednesday-Saturday,  . 
September  28,  Wednesday,  1.30  p.m., 
October  12,  Wednesday,  .... 

November  23-25,  Wednesday,  12  m. -Friday,  1  p.m., 
December  23,  Friday,  5  p.m.,    .... 


Entrance  examinations. 
Fall  term  begins;  assembly. 
Holiday  —  Columbus  Day. 
Thanksgiving  recess. 
Fall  term  ends. 


January  2,  Monday,  1  p.m., 
February  22,  Wednesday, 

March  24,  Friday,  5  p.m., 

April  3,  Monday,  1  p.m., 

April  19,  Wednesday, 

May  30,  Tuesday, 

June  24-27,  Saturday-Tuesday, 

June  29- July  1,  Thursday-Saturday, 

September  20-23,  Wednesday-Saturday, 

September  27,  Wednesday,  1.30  p.m., 

October  12,  Thursday,     . 

November  29-December  1,  Wednesday,  12  M.-Friday  1  p.m. 

December  22,  Friday,  5  p.m.,    .  ..... 


Winter  term  begins. 
Holiday    —    Washington's 

Birthday. 
Winter  term  ends. 
Spring  term  begins. 
Holiday  —  Patriots'  Day. 
Holiday  —  Memorial  Day. 
Commencement. 
Entrance  examinations. 
Entrance  examinations. 
Fall  term  begins;  assembly. 
Holiday  —  Columbus  Day. 
Thanksgiving  recess. 
Fall  term  closes. 


1923. 


January  1,  Monday,  1  p.m., 
February  22,  Thursday, 

March  23,  Friday,  5  p.m., 

April  2,  Monday,  1  p.m., 

April  19,  Thursday, 

May  30,  Wednesday, 

June  23-26,  Saturday-Tuesday, 

June  28-30,  Thursday-Saturday, 

September  19-22,  Wednesday-Saturday, 

September  26,  Wednesday,  1.30  p.m., 


Winter  term  begins. 
Holiday    —    Washington's 

Birthday. 
Winter  term  ends. 
Spring  term  begins. 
Holiday  —  Patriots'  Day. 
Holiday  —  Memorial  Day. 
Commencement. 
Entrance  examinations. 
Entrance  examinations. 
Fall  term  begins ;  assembly. 


Massachusetts  Agricultural  College. 


History.  —  The  Massachusetts  Agricultural  College  was  organized  under 
the  national  land  grant  act  of  1862.  This  legislation  is  also  known  as  the 
Morrill  act,  the  original  bill  having  been  framed  by  Justin  Smith  Morrill, 
Senator  from  Vermont,  and  its  final  enactment  secured  under  his  leadership. 
It  provided  that  public  lands  be  assigned  to  the  several  States  and  territories, 
the  funds  from  the  sale  of  which  were  to  be  used  to  establish  and  maintain 
colleges  of  agriculture  and  mechanic  arts.  The  Massachusetts  Agricultural 
College  was  among  the  first  of  these  institutions  established.  When  this  act 
was  passed  the  Massachusetts  Institute  of  Technology  was  already  organized, 
and  the  State  of  Massachusetts  definitely  decided  that  the  instruction  in  the 
mechanic  arts  should  be  at  the  institute,  and  that  the  new  institution  should 
confine  its  work  to  agriculture.  On  this  account  the  Massachusetts  Agri- 
cultural College  has  the  unique  distinction  of  being  the  only  separate  agri- 
cultural college  in  the  country. 

In  1863  the  State  of  Massachusetts  accepted  the  provisions  of  the  Morrill 
act  and  incorporated  the  Agricultural  College.  The  location  at  Amherst  was 
decided  only  after  long  and  careful  study  by  the  original  Board  of  Trustees. 
The  college  was  formally  opened  to  students  on  the  2d  of  October,  1867,  with 
a  faculty  of  four  teachers  and  with  four  wooden  buildings. 

The  Massachusetts  Legislature  has  granted  money  for  the  erection  of  prac- 
tically all  of  the  buildings  now  on  the  grounds.  In  view  of  the  fact  that  the 
annual  income  from  the  original  endowment  has  been  only  a  few  thousand 
dollars,  it  has  been  necessary  for  the  State  to  assume  responsibility  for  the 
current  expenses  of  the  institution. 

Organization.  —  The  college  is  a  State  institution,  and  as  such  is  subject 
to  the  laws  governing  and  the  rules  applying  to  all  State  departments  and 
institutions.  The  work  of  the  college  is  directed  by  a  board  of  eighteen  trus- 
tees. Four  of  these  are  ex-officio  members,  —  the  Governor  of  the  State,  the 
Commissioner  of  Education,  the  Commissioner  of  Agriculture  and  the  presi- 
dent of  the  college.  The  other  fourteen  members  are  appointed  by  the  Gov- 
ernor for  terms  of  seven  years  each,  or  two  each  year.  The  immediate  control 
of  the  institution  is  vested  in  the  president  of  the  college.  The  administrative 
officers,  having  supervision  of  the  various  departments  of  activity,  are  directly 
responsible  to  the  president. 

In  carrying  out  its  purpose  the  college  has  organized  three  distinct  yet 
correlated  types  of  work,  —  namely,  research,  resident  instruction  and  ex- 
tension service. 

Research.  —  Massachusetts  provided  for  the  establishment  of  an  agri- 
cultural experiment  station  in  1882.  This  station,  though  on  the  college 
grounds  and  supported  by  the  State,  was  without  organic  connection  with 
the  college.  Under  an  act  of  Congress,  passed  in  1887,  an  agricultural  experi- 
ment station  was  established  and  supported  as  a  department  of  the  college. 
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For  a  time,  therefore,  Massachusetts  had  two  experiment  stations  at  the 
college.  In  1894  these  were  combined,  and  the  station  reorganized  as  a  de- 
partment of  the  college.  It  is  now  supported  by  funds  from  both  the  State 
and  the  Federal  government.  In  1906  the  Federal  government  largely  in- 
creased its  support  on  condition  that  the  money  thus  provided  should  be 
used  only  for  research.  The  station  now  receives  about  three-foiurths  of  its 
support  from  the  State. 

The  station  is  under  the  direct  supervision  of  the  Board  of  Trustees;  the 
chief  officer  is  the  director,  who  is  responsible  to  the  president.  It  is  organized 
into  a  number  of  departments,  all  co-operating  toward  the  betterment  of 
agriculture.  In  most  cases  the  heads  of  these  departments  are  heads  of  cor- 
responding departments  in  the  college.  The  station  publishes  numerous 
bulletins  and  two  annual  reports,  one  scientific,  the  other  popular.  These 
publications  are  free  and  circulate  extensively. 

Resident  Instruction.  —  The  college  offers  an  education  without  tuition 
fee  to  any  student  who  is  a  resident  of  Massachusetts  and  who  meets  the 
requirements  for  admission.  Women  are  admitted  on  the  same  basis  as  are 
men.  Students  who  are  not  residents  of  Massachusetts  are  required  to  pay 
a  nominal  tuition  fee.  The  chief  aim  of  the  institution,  through  its  resident 
instruction,  is  to  prepare  men  and  women  for  the  agricultural  vocations. 
The  term  "agricultural  vocations"  is  here  used  in  its  broadest  sense.  Courses 
are  offered  which  give  efficient  training  in  various  agricultural  pursuits,  such 
as  general  farming,  dairying,  management  of  estates,  poultry  husbandry, 
fruit  growing,  market  gardening,  floriculture,  landscape  gardening  and  for- 
estry. Students  are  also  trained  for  investigation  in  many  sciences  under- 
lying the  great  agricultural  industry,  for  teaching  in  agricultural  colleges  and 
high  schools,  and  for  scientific  work  in  chemistry,  entomology,  botany  and 
microbiology. 

Though  training  for  the  agricultural  vocations  is  thus  the  chief  concern 
of  the  college,  students  should  find  the  course  one  that  trains  them  admirably 
for  pursuits  in  which  the  sciences  are  an  essential  preparation.  The  course 
of  study  aims  also  to  combine  an  adequate  general  education  with  specialized 
technical  and  practical  training. 

FoTJR-YEAR  Courses.  —  Twenty-nine  teaching  departments  ofi'er  instruc- 
tion in  agriculture,  horticulture,  sciences,  the  humanities,  rural  social  science 
and  rural  home  making.  A  system  of  major  courses  permits  the  student  to 
elect  major  work  in  one  of  eighteen  departments,  and  to  specialize  in  it  and 
allied  subjects  for  a  period  of  two  years.  The  degree  of  bachelor  of  science 
is  granted  on  the  satisfactory  completion  of  the  four  years'  work  of  collegiate 
grade. 

Short  Courses.  —  In  order  to  extend  the  advantages  of  the  institution 
to  those  men  and  women  who  cannot  or  do  not  care  to  take  advantage  of 
the  four-year  course,  various  short  courses  are  offered.  Chief  among  these 
are  a  two-year  course  in  practical  agriculture,  a  summer  school  of  agriculture 
and  country  life,  and  a  winter  school  of  agriculture. 

Graduate  School.  —  The  graduate  school  is  organized  to  provide  the 
necessary  training  for  scientific  leadership  in  agriculture  and  allied  sciences. 
The  degrees  of  master  of  agriculture,  master  of  landscape  architecture,  master 
of  science,  doctor  of  agriculture  and  doctor  of  philosophy  may  be  earned  upon 
the  completion  of  satisfactory  study,  research  and  thesis. 

The  Extension  Service.  —  The  extension  service  is  an  organized  effort 
to  carry  systematic  and  dignified  instruction  to  the  thousands  of  people 
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throughout  the  State  who  are  unable,  for  various  reasons,  to  take  advantage 
of  the  regular  courses  offered  at  the  college.  It  is  in  reality  the  "carrying  of 
the  college  to  the  people  of  the  State."  Every  department  of  the  institution, 
in  so  far  as  the  regular  teaching  and  research  work  will  permit,  contributes 
what  it  can  to  this  work.  There  is  also  a  regular  staff  of  extension  workers 
whose  sole  business  it  is  to  present  the  instruction  of  the  college  to  individuals 
and  various  organizations  throughout  the  State. 

Location  and  Equipment.  —  The  Agricultural  College  is  located  in  the 
town  of  Amherst.  The  grounds  comprise  more  than  600  acres,  lying  about 
a  mile  north  of  the  village  center.  The  college  has  also  a  demonstration  forest 
of  755  acres,  located  6  miles  north  of  the  campus.  The  equipment  of  the 
college,  both  in  buildings  and  facilities  for  instruction,  is  excellent.  Amherst 
is  97  miles  from  Boston,  and  may  be  reached  by  the  Central  Massachusetts 
division  of  the  Boston  &  Maine  Railroad,  or  by  the  Central  Vermont  Railroad. 
Electric  car  lines  connect  Amherst  with  Northampton,  Holyoke  and  Spring- 
field. 

Military  Drill.  —  By  Federal  law  military  drill  is  required  of  all  regular 
students  attending  the  Massachusetts  Agricultural  College. 
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The  Corporation. 


ORGANIZATION   OF   1921. 

AIembers  of  the  Cohpokation. 


Nathaniel  I.  Bowditch  of  Framingham, 

William  Wheeleb  of  Concord, 

Charles  A.  Gleason  of  New  Braintree, 

James  F.  Bacon  of  Boston,    . 

Frank  Gerrett  of  Greenfield, 

Harold  L.  Frost  of  Arlington, 

Charles  H.  Preston  of  Danvers, 

Carlton  D.  Richardson  of  West  Brookfield, 

Davis  E,.  Dewey  of  Cambridge, 

John  F.  Gannon  of  Pittsfield, 

Arthur  G.  Pollard  of  Lowell, 

George  H.  Ellis  of  West  Newton, 

Elmer  D.  Howe  of  Marlborough, 

Atherton  Clabk  of  Newton, 


teem  expires 
1922 
1922 
1923 
1923 
1924 
1924 
1925 
1925 
1926 
1926 
1927 
1927 
1928 
1928 


Members  Ex  Officio. 
His  Excellency  Governor  Channing  H.  Cox,  President  of  the  Corporation. 
Kenyon  L.  Buttbrfield,  President  of  the  College. 
Payson  Smith,  State  Commissioner  of  Education. 
Arthur  W.  Gilbert,  State  Commissioner  of  Agriculture. 

Officers  of  the  Corporation. 
His  Excellency  Governor  Channing  H.  Cox  of  Boston,  President. 
Charles  A.  Gleason  of  New  Braintree,  Vice-President. 
Ralph  J.  Watts  of  Amherst,  Secretary. 
Fred  C.  Kenney  of  Amherst,  Treasurer. 
Charles  A.  Gleason  of  New  Braintree,  Auditor. 


Standing  Committees  of  the  Corporation.  * 
Committee  on  Finance. 
Charles  A.  Gleason,  Chairman. 


George  H.  Ellis. 
Nathaniel  I.  Bowditch. 


Arthur  G.  Pollard. 
Carlton  D.  Richardson. 
Atherton  Clark. 


Committee  on  Course  of  Study  and  Faculty. 
William  Wheeler,  Chairman.  Payson  Smith. 

Elmer  D.  Howe.  Davis  R.  Dewey. 

James  F.  Bacon.  John  F.  Gannon. 


Committee  on  Farm. 


Nathaniel  I.  Bowditch,  Chairman. 
Frank  Gerreit. 


George  H.  Ellis. 
Arthur  W.  Gilbert. 


Carlton  D.  Richardson. 


1  The  president  of  the  college  is  ex-officio  member  of  each  committee. 
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Committee  on  Horticulture. 
Haeold  L.  Frost,  Chairman.  Elmer  D.  Howe. 

Charles  A.  Gleason.  Arthur  W.  Gilbert. 

Charles  H.  Preston.  Atherton  Clark. 

Committee  on  Experiment  Department. 
Charles  H.  Preston,  Chairman.  Arthur  G.  Pollard. 

Arthur  W.  Gilbert.  Harold  L.  Frost. 

Carlton  D.  Richardson. 

Committee  on  Buildings  and  Arrangement  of  Grounds. 
George  H.  Ellis,  Chairman.  James  F.  Bacon. 

Frank  Gerrett.  Charles  H.  Preston. 

William  Wheeler.  Atherton  Clark. 

Committee  on  Extension  Service. 
Elmer  D.  PIowe,  Chairman.  Davis  R.  Dewey. 

George  H.  Ellis.  Nathaniel  I.  Bowditch. 

Harold  L.  Frost.  John  F.  Gannon. 

Arthur  W.  Gilbert. 
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Officers  of  the  Institution. 


As  OF  Nov.  1,  1921. 


OFFICERS   OF   GENERAL   ADMINISTRATION. 


Kenton  L.  Buttebpield,  A.M.,  LL.D., 
President  of  the  College. 

Henet  S.  Green,  A.B.,  LL.D., 

Librarian  of  the  College. 
Philip  B.  Hasbrouck,  B.Sc,    . 

Registrar  of  the  College. 
Sidney  B.  Haskell,  B.Sc, 

Director  of  the  Experiment  Station. 
Fbed  C.  Kbnney,     . 

Treasurer  of  the  College. 
Edward  M.  Lewis,  A.M., 

Dean  of  the  College. 
Charles  E.  Marshall,  Ph.D., 

Director  of  the  Graduate  School. 
Richard  A.  Mellen,  B.Sc, 

Field  Agent. 
John  Phelan,  A.M., 

Director  of  Short  Courses. 
Ralph  J.  Watts,  B.Sc,     . 

Secretary  of  the  College. 
John  D.  Willard,  B.A.,  . 

Director  of  the  Extension  Service. 


President's  House. 


Mount  Pleasant. 
31  Fearing  Street. 

2  Mount  Pleasant. 
Mount  Pleasant. 

19  Lincoln  Avenue. 
44  Sunset  Avenue. 
81  Pleasant  Street. 

3  Mount  Pleasant. 
101  Butterfield  Terrace. 

.     31  Lincoln  Avenue. 


THE   FACULTY   OF  INSTRUCTION. 


President's  House. 


Kenyon  L.  Butterfield,  A.M.,  LL.D.,      ..... 

President  of  the  College  and  Head  of  the  Division  of  Rural  Social  Science. 

Charles  H.  Abbott,  Ph.D.,      .........   3  Dana  Street. 

Instructor  in  Zoology. 
Max  F.  Abell,  B.Sc,        .........  North  Amherst. 

Assistant  Professor  of  Farm  Management. 
Geobgb  W.  Alderman,  B.A.,    ........     19  Lincoln  Avenue. 

Instructor  in  Physics. 
Paul  J.  Anderson,  Ph.D.,  ........     25  Lincoln  Avenue. 

Professor  of  Botany. 
Edgar  L.  Ashley,  A.M.,  .........  Amherst  House. 

Professor  of  German. 
Rot  C.  Avert,  B.Sc,        .........         15  Spring  Street. 

Instructor  in  Microbiology. 
Luther  Banta,  B.Sc,        .  •     *■    •  ■  •  •  •  •  .70  Lincoln  Avenue. 

Assistant  Professor  of  Poultry  Husbandry. 
Arthur  B.  Beaumont,  Ph.D., 51  Amity  Street. 

Professor  of  Agronomy  and  Head  of  Department. 
Carl  M.  Bogholt,  B.Sc, 15  Amity  Street. 

Instructor  in  English. 
Thomas  Brady,  Jr.,  Captain,  Cavalry,  U.  S.  A Amherst  House. 

Assistant  Professor  of  Military  Science  and  Tactics. 
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Alexander  E.  Cance,  Ph.D.,    ........         9  Fearing  Street. 

Professor  of  Agricultural  Economics  and  Head  of  Department. 
Joseph  S.  Chamberlain,  Ph.D.,         .......         Mount  Pleasant. 

Professor  of  Organic  and  Agricultural  Chemistry. 
Walter  W.  Chenowbth,  M.Sc,         .......  North  Amherst. 

Professor  of  Horticultural  Manufactures  and  Head  of  Department. 
Orton  L.  Clark,  B.Sc,    .........        16  College  Street. 

Assistant  Professor  of  Botany. 
G.  Chester  Crampton,  Ph.D.,  ........     Fernald  Hall. 

Professor  of  Insect  Morphology. 
Arthur  L.  Dacy,  B.Sc,    ..........   2  Allen  Street. 

Professor  of  Vegetable  Gardening. 
Llewellyn  L.  Derby,      .......  25  Taylor  Street,  Holyoke. 

Instructor  in  Physical  Education. 
Brooks  D.  Drain,  B.Sc,  .  .  .  .  ...  .50  Pleasant  Street. 

Assistant  Professor  of  Pomology. 
Henry  T.  Fernald,  Ph.D "...         44  Amity  Street. 

Professor  of  Entomology,  Head  of  Department,  Chairman  of  Division  of  Science. 
James  A.  Foord,  M.ScAgr.,      .  .  .  .  .  .  .  .54  Lincoln  Avenue. 

Professor  of  Farm  Management,  Head  of  Department,  Head  of  Division  of  Agriculture. 
WiLLARD  K.  French,  B.Sc,        .  .  .  .  .  .  .  .10  Hitchcock  Street. 

Assistant  Professor  of  Pomology. 
George  E.  Gage,  Ph.D.,  ........  The  Davenport. 

Professor  of  Animal  Pathology. 
Mary  E.  M.  Garvey,  B.Sc,  i    .  .  .  .  .  .  .29  South  Prospect  Street. 

Instructor  in  Microbiology. 
Guy  V.  Glatfeltbr,  M.Sc,       .  .  .  .  .  .  .  .8  Kellogg  Avenue. 

Assistant  Professor  of  Animal  Husbandry. 
Helena  T.  Goessmann,  M.Ph.,  .  .  .  .  .  .35  South  Pleasant  Street. 

Instructor  in  English. 
Clarence  E.  Gordon,  Ph.D.,    ........     38  Lincoln  Avenue. 

Professor  of  Zoology  and  Geology  and  Head  of  Department. 
Harold  M.  Gore,  B.Sc,  .........    10  Nutting  Avenue. 

Assistant  Professor  of  Physical  Education. 
Charles  H.  Gould,  B.Sc,         ......  170  South  Pleasant  Street. 

Assistant  Professor  of  Pomology. 
John  C.  Graham,  B.ScAgr.,      ........     68  Lincoln  Avenue. 

Professor  of  Poultry  Husbandry  and  Head  of  Department. 
Emory  E.  Grayson,  B.Sc,         .  .  .  .  .  .  .  ...      Belchertown. 

Instructor  in  Physical  Education. 
Olga  Grizzle,  M.Sc,        .........    97  Pleasant  Street. 

Instructor  in  Home  Economics. 
Laurence  R.  Grose,  A.B.,  M.F.,       .......         45  Amity  Street. 

Professor  of  Forestry  and  Head  of  Department. 
Christian  I.  Gunness,  B.Sc,    .......       105  Butterfield  Terrace. 

Professor  of  Rural  Engineering  and  Head  of  Department. 
Margaret  Hamlin,  B.A.,  .  .  .  .  .  .  .  .12  North  East  Street. 

Agricultural  Counsellor  for  Women. 
Elmer  A.  Harrington,  Ph.D.,  .  .  .  .  .  .  .  .7  Allen  Street. 

Professor  of  Physics. 
Roy  D.  Harris,  B.Sc .  .12  Chestnut  Street. 

Instructor  in  Vegetable  Gardening. 
Arthur  K.  Harrison,       ..........  S  Allen  Street. 

Assistant  Professor  of  Landscape  Gardening. 
William  R.  Hart,  M.A.,  LL.B., 97  Pleasant  Street. 

Professor  of  Agricultural  Education  and  Head  of  Department. 
Philip  B.  Hasbrouck,  B.Sc,     ........       31  Fearing  Street. 

Professor  of  Physics  and  Head  of  Department. 
Curry  S.  Hicks,  B.Pd., The  Davenport. 

Professor  of  Physical  Education  and  Hygiene  and  Head  of  Department. 
Mrs.  Curry  S.  Hicks,  i     ........  .  The  Davenport. 

Instructor  in  Physical  Education. 

1  Temporary  position. 
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.     79  Pleasant  Street. 

103  Butterfield  Terrace. 

4  Farview  Way. 

.  Sunset  Avenue. 

4  Nutting  Avenue. 

.     19  Lincoln  Avenue. 


Ahao  Itano,  l^h.D.,  .........         3  Fearing  Street. 

Assistant  Professor  of  Microbiology. 
Hahvet  F.  Jenkins,  B.Sc,  '      . 

Instructor  in  Vegetable  Gardening. 
Henry  F.  Judkins,  B.Sc,  ..... 

Professor  of  Dairying. 
Aethuh  N.  Julian,  A.B.,  .  .  .  . 

Assistant  Professor  of  German. 
Herman  Kobbe,  Major,  Cavalry,  U.  S.  A., 

Assistant  Professor  of  Military  Science  and  Tactics. 
Marshall  O.  Lanphear,  B.Sc,  .... 

Instructor  in  Agronomy. 
Edward  M.  Lewis,  A.M.,  ..... 

Professor  of  Languages  and  Literature,  Head  of  Department,  Acting  Head  of  Division  of 
Humanities. 
Joseph  B.  Lindsey,  Ph.D.,         ........     47  Lincoln  Avenue. 

Goessmann  Professor  of  Agricultural  Chemistry  and  Head  of  Department. 
William  P.  B.  Lockwood,  M.Sc,      .  .  .  .  .  .34  North  Prospect  Street. 

Professor  of  Dairying  and  Head  of  Department. 
William  L.  Machmek,  M.A.,  .......       3  Kendrick  Place. 

Professor  of  Mathematics  and  Assistant  Dean. 
Alexander  A.  Mackimmie,  A.M.,      .......  North  Amherst. 

Professor  of  French. 
John  J.  Maginnis,  B.Sc,  .  .  .  .  .  .  .35  North  Prospect  Street. 

Instructor  in  Agricultural  Economics. 
Elton  J.  Mansell,  B.Sc,  ........      6  Nutting  Avenue. 

Instructor  in  Physical  Education. 
Charles  E.  Marshall,  Ph.D., 44  Sunset  Avenue. 

Professor  of  Microbiology  and  Head  of  Department. 
Frederick  A.  McLaughlin,  B.Sc, 4  Nutting  Avenue. 

Assistant  Professor  of  Botany. 
Charles  A.  Michels,  M.Sc 9  Fearing  Street. 

Assistant  Professor  of  Agronomy. 
Frank  C.  MobRE,  A.B. 10  Allen  Street. 

Assistant  Professor  of  Mathematics. 
John  B.  Newlon,     ..........  North  Amherst. 

Instructor  in  Rural  Engineering. 
Joseph  F.  Novitski,  B.Sc,  2 4  Tyler  Place. 

Instructor  in  Rural  Sociology. 
A.  Vincent  Osmun,  M.Sc,         .......        16  Northampton  Road. 

Professor  of  Botany  and  Head  of  Department. 
John  E.  Ostrander,  A.M.,  C.E 33  North  Prospect  Street. 

Professor  of  Mathematics  and  Head  of  Department. 
James  B.  Paige,  B.Sc,  D.V.S., .42  Lincoln  Avenue. 

Professor  of  Veterinary  Science  and  Head  of  Department. 
Laurence  H.  Parker,  A.B The  Davenport. 

Assistant  Professor  of  Citizenship  and  Acting  Head  of  Department  of  Economics  and 
Sociology 
Charles  H.  Patterson,  A.M., 26  Lincoln  Avenue. 

Professor  of  English. 
Harlow  L.  Pendleton,  B.Sc, 13  Amity  Street. 

Instructor  in  Dairying. 
Charles  A.  Peters,  Ph.D., Sunset  Place. 

Professor  of  Inorganic  and  Soil  Chemistry. 
John  Phelan,  A.M., .      3  Mount  Pleasant. 

Professor  of  Rural  Sociology  and  Head  of  Department. 
Norman  E.  Phillips,  B.Sc 4  Orchard  Street. 

Assistant  Professor  of  Beekeeping. 
Wayland  R.  Porter,  B.Sc Belchertown  Road. 

Instructor  in  Mathematics. 
Walter  E.  Wince,  A.M 25  Amity  Street. 

Assistant  Professor  of  English. 
George  F.  Pushee North  Amherst. 

Instructor  in  Rural  Engineering. 


Temporary  position.  ^  Absent  on  leave. 
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North  Amherst. 


84  Pleasant  Street. 


10  Woodside  Avenue. 


McClellan  Street. 


32  North  Prospect  Street. 


15  Hitchcock  Street, 


12  Nutting  Avenue. 


South  Pleasant  Street. 


13  Fearing  Street. 


Mount  Pleasant. 


Frank  P.  Rand,  A.M 

Assistant  Professor  of  English. 
William  S.  Regan,  Ph.D.,         ...... 

Assistant  Professor  of  Entomology. 
Victor  A.  Rice,  B.Sc.Agr.,         ...... 

Assistant  Professor  of  Animal  Husbandry. 
WiLLLAM  F.  Robertson,  B.Sc,  ..... 

Instructor  in  Horticultural  Manufactures. 
Roland  W.  Rogers,  B.Sc,        ...... 

Assistant  Professor  of  Horticulture. 
William  E.  Ryan,  B.Sc, 

Instructor  in  Poultry  Husbandry. 
ScHUTLER  M.  Salisbury,  B.Sc.Agr.,  ..... 

Professor  of  Animal  Husbandry  and  Head  of  Department. 
William  C.  Sanctuary,  B.Sc,  ..... 

Professor  of  Poultry  Husbandry. 
Donald  W.  Sawtelle,  M.Sc,  ...... 

Assistant  Professor  of  Agricultural  Economics. 
Fred  C.  Sears,  M.Sc, 

Professor  of  Pomology  and  Head  of  Department. 
Paul  Serex,  Jr.,  M.Sc,     ....... 

Assistant  Professor  of  Chemistry. 
Frederick  E.  Shnyder,  A.B.,  Major,  Cavalry,  U.  S.  A., 

Professor  of  Military  Science  and  Tactics. 
James  V.  V.  Shufelt,  Captain,  Cavalry,  U.  S.  A., 

Assistant  Professor  of  Military  Science  and  Tactics. 
Newell  L.  Sims,  Ph.D.,    ....... 

Professor  of  Rural  Sociology. 
Edna  L.  Skinner,  B.Sc,  ....... 

Professor  of  Home  Economics,  Head  of  Department,  Adviser 
Richard  W.  Smith,  Jr.,  B.Sc,  ..... 

Instructor  in  Dairying. 
James  L.  Strahan,  M.Sc,  ..... 

Assistant  Professor  of  Rural  Engineering. 
Charles  H.  Thayer,         ...... 

Instructor  in  Agronomy. 
Clark  L.  Th.\yer,  B.Sc,  ..... 

Professor  of  Floriculture  and  Head  of  Department. 
Weston  C.  Thayer,  B.Sc,         ..... 

Instructor  in  Animal  Husbandry. 
Guy  a.  Thelin,  B.Sc. 

Instructor  in  Agronomy. 
Paul  E.  Thissell,  A.B.,  ...... 

Instructor  in  French. 
Charles  H.  Thompson,  M.Sc,  .... 

Assistant  Professor  of  Horticulture. 
Harold  F.  Tompson,  B.Sc, 10  Temple  Street,  Arlington. 

Professor  of  Vegetable  Gardening  and  Head  of  Department. 
Ray  E.  Torrey,  Ph.D., Care  of  Mrs.  H.  D.  Fearing. 

Assistant  Professor  of  Botany.            ^ 
Paul  W.  Viets .  .5  Kendrick  Place. 

Supervisor  of  Placement  Training. 
Frank  A.  Waugh,  M.Sc, Campus. 

Professor  of  Landscape  Gardening,  Head  of  Department,  Head  of  Division  of  Horticulture. 
WiNTHROP  S.  Welles,  B.Sc, 23  Lincoln  Avenue. 

Professor  of  Agricultural  Education. 
Charles  Wellington,  Ph.D.,    .  . 34  Amity  Street. 

Professor  of  Chemistry. 
T.  George  Yaxis,  M.Sc, 5  Tillson  Court. 

Assistant  Professor  of  Dairying. 


5  East  Pleasant  Street. 

Amherst  House. 

Mount  Pleasant. 

60  Pleasant  Street. 

.   50  Lincoln  Avenue, 
of  Women. 

8  Kellogg  Avenue. 

50  Amity  Street. 

South  East  Street. 

10  Nutting  Avenue. 


14  Nutting  Avenue. 


21  Pleasant  Street. 


81  Pleasant  Street. 


Mount  Pleasant. 


Professor  of  Chemistry. 

Professor  of  Economics  and  Sociology,  and  Head  of  Department. 
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STAFF  EMPLOYED   FOR  WORK  FOR  FEDERAL 

EDUCATION. 
Mrs.  Grace  D.  Beaumont,  B.A., 

Instructor  in  English. 
Edwabd  J.  Burke,  B.Sc, 

Instructor  in  Pomology. 
Mrs.  Elsie  V.  Crocker,  .... 

Clerk. 
Clarence  H.  Davidson,  C.E., 

Instructor  in  English  and  Arithmetic. 
Ralph  H.  Denman,  B.Sc, 

Assistant  Professor  of  Rural  Engineering. 
Warren  B.  Mack,  B.Sc, 

Instructor  in  Pomology. 
Richard  T.  Muller,  M.Sc, 

Instructor  in  Floriculture. 


BOARD   FOR  VOCATIONAL 
51  Amity  Street. 
21  Pleasant  Street. 
North  Amherst. 
Mount  Pleasant. 
70  Lincoln  Avenue. 
103  Butterfield  Terrace. 
45  East  Pleasant  Street. 


THE   EXPERIMENT   STATION   STAFF. 

Kenyon  L.  Butterfield,  A.M.,  LL.D.,      ......      President's  House. 

President  of  the  College. 

Sidney  B.  Haskell,  B.Sc,         . .2  Mount  Pleasant. 

Director  of  the  Experiment  Station. 
James  R.  Alcock,     ..........  North  Amherst. 

Assistant  in  Animal  Nutrition. 
Harry  L.  Allen,      ..........  89  Main  Street. 

Laboratory  Assistant,  Chemistry. 
Paul  J.  Anderson,  Ph.D.,         ........     25  Lincoln  Avenue. 

Professor  of  Botany. 
John  G.  Archibald,  B.ScAgr.,  ........    West  Pelham. 

Assistant  Research  Professor  of  Chemistry. 
Alyn  S.  Ball, .  94  Main  Street. 

Laboratory  Assistant,  Botany. 
Carlos  L.  Beals,  B.Sc,  i  ........... 

Assistant  Research  Professor  of  Chemistry. 
Arthur  I.  Bourne,  B.A.,  .......      12  East  Pleasant  Street. 

Assistant  Research  Professor  of  Entomology. 
William  P.  Brooks,  Ph.D., .  6  Farview  Way. 

Consulting  Agriculturist. 
Alexander  E.  Cance,  Ph.D., 9  Fearing  Street. 

Professor  of  Agricultural  Economics. 
Walter  W.  Chenoweth,  M.Sc,         .......  North  Amherst. 

Professor  of  Horticultural  Manufactures. 
Orton  L.  Clark,  B.Sc,    .........        16  College  Street. 

Assistant  Professor  of  Botany. 
Robert  L.  Coffin,  ..........        19  Phillips  Street. 

Investigator  in  Agriculture. 
Charles  O.  Dunbar,  B.Sc,       .  .  .  .   '      .  .  .  .84  Pleasant  Street. 

Investigator  in  Chemistry. 
Henry  T.  Fernald,  Ph.D., 44  Amity  Street. 

Professor  of  Entomology. 
Henry  J.  Franklin,  Ph.D., East  Wareham. 

Research  Professor  in  charge  of  Cranberry  Substation. 
Arthur  P.  French,  B.Sc, .10  Hitchcock  Street. 

Investigator  in  Pomology. 
George  E.  Gage,  Ph.D., The  Davenport. 

Professor  of  Animal  Pathology. 
Edwin  F.  Gaskill,  M.Sc, North  Pleasant  Street. 

Assistant  Research  Professor  of  Agriculture. 
Hubert  D.  Goodale,  Ph.D.,     .  .  .  .  .  .  .  .  North  Amherst. 

Research  Professor  of  Poultry  Husbandry. 

1  Absent  on  leave. 
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John  C.  Ghaham,  B.Sc,    ...... 

Professor  of  Poultry  Husbandry. 
Edward  B.  Holland,  Ph.D.,     ..... 

Research  Professor  of  Chemistry. 
Arao  Itano,  Ph.D.,  ...... 

Assistant  Professor  of  Microbiology. 
LoRiAN  P.  Jefferson,  M.A.,      ..... 

Assistant  Research  Professor  of  Agricultural  Economics 
Carleton  p.  Jones,  M.Sc,        ..... 

Assistant  Research  Professor  of  Chemistry. 
Webster  S.  Krout,  M.A.,         ..... 

Assistant  Research  Professor  of  Botany. 
John  B.  Lentz,  A.B.,  V.M.D., 

Assistant  Research  Professor  of  Veterinary  Science. 
Joseph  B.  Lindsey,  Ph.D.,        .  .  .  .  . 

Vice-Director  and  Chemist. 
Charles  E.  Marshall,  Ph.D.,  .... 

Professor  of  Microbiology. 
Fred  W.  Morse,  M.Sc. 

Research  Professor  of  Chemistry. 
A.  Vincent  Osmun,  M.Sc,         ..... 

Professor  of  Botany. 
John  E.  Ostrander,  A.M.,  C.E., 

Meterorologist. 
James  B.  Paige,  D.V.S. 

Professor  of  Veterinary  Science. 
Fred  C.  Sears,  M.Sc 

Professor  of  Pomology. 
Jacob  K.  Shaw,  Ph.D.,     ...... 

Research  Professor  of  Pomology. 
H.\.rold  F.  Tompson,  B.Sc,       ..... 

In  charge  of  Market-garden  Field  Station. 
Anna  M.  Wallace,  M.A 

Curator,  Department  of  Botany. 
Frank  A.  Waugh,  M.Sc,  ..... 

Head  of  Division  of  Horticulture. 
Harl.\n  N.  Worthley,  B.Sc,   ..... 

Investigator  in  Entomology. 


.     68  Lincoln  Avenue. 

28  North  Prospect  Street. 

3  Fearing  Street. 

84  Pleasant  Street. 

8  Nutting  Avenue. 

17  Fearing  Street. 

42  Lincoln  Avenue. 

47  Lincoln  Avenue. 

44  Sunset  Avenue. 

40  Pleasant  Street. 

16  Northampton  Road. 

33  North  Prospect  Street. 

42  Lincoln  Avenue. 

Mount  Pleasant. 

5  Farview  Way. 

10  Temple  Street,  Arlington. 

79  Pleasant  Street. 

.   Campus. 

6  Nutting  Avenue. 


Research  Professor  of  Botany. 


CONTROL   SERVICE    STAFF. 
Ethel  M.  Bradley,  B.Sc, 79  Pleasant  Street. 

Analyst. 
Ray  a.  Carter,  i Nutting  Avenue. 

Collector  of  Blood  Samples. 
Oliver  S.  Flint,  B.Sc, 18  Nutting  Avenue. 

Analyst. 
Henri  D.  Haskins,  B.Sc,  . 14  Amity  Street. 

Official  Chemist,  Fertilizer  Control. 
James  T.  Howard, 46  Pleasant  Street. 

Inspector. 
Ann  Smith,       .  .  .  .  .  .  .  .  .  .  .         g  PhilUps  Street. 

Analyst. 
Philip  H.  Smith,  M.Sc .  .  .  .  .         102  Main  Street. 

Official  Chemist,  Feed  Control. 
Raymond  W.  Swift,  B.Sc, North  Amherst. 

Analyst. 
Lewell  S.  Walker,  B.Sc,         . 19  Phillips  Street. 

Assistant  Official  Chemist,  Fertilizer  Control. 


'  Temporary  position. 
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THE   EXTENSION   SERVICE   STAFF. 

Kenyon  L.  Btjttehfield,  A.m.,  LL.D.,      ......       President's  House. 

President  of  the  College. 

John  D.  Willard,  B.A.,  .........     31  Lincoln  Avenue. 

Director. 
John  B.  Abbott,  M.Sc,    .........      21  Pleasant  Street. 

Extension  Professor  of  Agronomy. 
WrLLiAM  R.  Cole,    .........         5  East  Pleasant  Street. 

Assistant  Extension  Professor  of  Horticultural  Manufactures. 
Geokge  L.  Farley,  B.Sc,  ........         61  Amity  Street. 

Supervisor  of  Junior  Extension  Work. 
Clifford  J.  Fawcett,  B.Sc,     .  .  .  .  .  .  .  .7  Woodside  Avenue. 

Extension  Professor  of  Animal  Husbandry. 
WiLLL\M  F.  Howe,  ..........     21  Pleasant  Street. 

Assistant  Supervisor  of  Junior  Extension  Work. 
Louis  M.  Lyons,  B.Sc,     ........  lOH  Kellogg  Avenue. 

Extension  Editor  and  Supervisor  of  Correspondence  Courses. 
Allister  F.  MacDougall,  B.Sc,       .......  North  Amherst. 

Extension  Professor  of  Farm  Management. 
Robert  J.  McFall,  Ph.D., 20  Spring  Street. 

Extension  Professor  of  Agricultural  Economics. 
William  C.  Monahan,  B.Sc,    ........      34  Pleasant  Street. 

Extension  Professor  of  Poultry  Husbandry. 
Dorothy  W.  Mukdock,    .........      87  Pleasant  Street. 

Assistant  State  Club  Leader. 
Earle  H.  Nodine,   ..........      21  Pleasant  Street. 

Extension  Instructor  in  charge  of  Poultry  Club  Work. 
Sumner  R.  Parker,  B.Sc,         ........  South  Amherst. 

Supervisor  of  County  Agent  Projects. 
Lucy  M.  Queal,  B.Sc,     .........       8  Kellogg  Avenue. 

Assistant  Supervisor,  State  Home  Demonstration  Projects. 
Ralph  W.  Redman,  B.Sc, 3  Hallock  Street. 

Assistant  Director. 
Mrs.  Ruth  Reed, Lynn. 

Assistant  Extension  Professor  of  Home  Economics. 
LuciLE  W.  Reynolds,  B.Sc,     ........      87  Pleasant  Street. 

State  Leader  of  Home  Demonstration  Agents. 
Ralph  A.  Van  Meter,  B.Sc,    .......        7  East  Pleasant  Street. 

Extension  Professor  of  Pomology. 
Joseph  F.  Whitney,  B.Sc,  M.L.A.,   .......  The  Davenport. 

Assistant  Extension  Professor  of  Landscape  Gardening. 


Supervisor  of  Extension  Schools  and  Exhibits. 

THE   CLERICAL    STAFF. 
Mrs.  Charlotte  E.  Abramson,  .  .  .  .  .  .89  South  Pleasant  Street. 

Stenographer,  Treasurer's  Office. 
Mrs.  Esther  W.  Arp, North  Amherst. 

Stenographer,  Extension  Service. 
Eleanor  F.  Bishop,  .  .  . 3  Spaulding  Street. 

Bookkeeper,  Treasurer's  Office. 
John  K.  Broadfoot,         .........    130  Pleasant  Street. 

Cashier,  Treasurer's  Office. 
Mary  L.  Broadfoot 130  Pleasant  Street. 

Clerk,  Treasurer's  Office. 
Ruth  L.  Brown, North  Amherst. 

Clerk,  Department  of  Dairying. 
Genevieve  M.  Burrington,     ........  North  Amherst. 

Stenographer,  Department  of  Dairjdng. 
Mrs.  Ethel  L.  Carrier 5  Hitchcock  Street. 

Stenographer,  Department  of  Rural  Home  Life. 
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Irene  Chandler,     ...........      Draper  Hall. 

Stenographer,  Department  of  Animal  Husbandry. 
Mrs.  Lucia  G.  Church,    .........  North  Amherst. 

Secretary  to  the  Director  of  the  Experiment  Station. 
Susan  L.  Clark,      ...........    Northampton. 

Stenographer,  Extension  Service. 
Grace  M.  Corbett,  ..........      Draper  Hall. 

Bookkeeper,  Treasurer's  Office. 
Viola  E.  Damon,      .  .  .     )   .         .         .  .         .   '      .  .  Savings  Bank  Block. 

Stenographer,  Division  of  Horticulture. 
Emily  G.  Davidson,  ........  10  Boltwood  Avenue. 

Telephone  Operator. 
Margaret  G.  Davidson,  .......  10  Boltwood  Avenue. 

Clerk,  Extension  Service. 
Florence  E.  Day,   ..........     8  Spaulding  Street. 

Stenographer,  Extension  Service. 
Rose  Delaney,         ...........       Draper  Hall. 

Stenographer,  Department  of  Rural  Sociology. 
Hazel  E.  Donovan,  ..........      Draper  Hall. 

Clerk,  Power  Plant. 
Margaret  C.  Eppler,      ..........      Draper  Hall. 

Clerk,  Experiment  Station. 
Mary  A.  Evans,       ...........   Adams  House. 

Stenographer,  Dean's  Office. 
F.  Ethel  Felton,  A.B.,    .  .  .  .  .  .  >         .  .  .  Fearing  Street. 

Clerk  and  Editorial  Assistant,  Experiment  Station. 
Margaret  Fish,       ..........       43  Fearing  Street. 

Stenographer,  President's  Office. 
LiNA  E.  Fisher,        ..........      28  Pleasant  Street. 

Clerk,  Department  of  Chemistry. 
Grace  E.  Gallond,  .........      28  Pleasant  Street. 

Clerk,  Department  of  Dairying. 
Katherine  Gardner,  A.B.,        ........      87  Pleasant  Street. 

Clerk,  Division  of  Agriculture. 
Cora  B.  Grover,     ..........  North  Amherst. 

Stenographer,  Control  Service. 
Elizabeth  Hallowell,  A.M.,   .........      Draper  Hall. 

Secretary  to  the  Director  of  the  Graduate  School. 
Amy  H.  Hamilton,  ....'......  Savings  Bank  Block. 

Stenographer,  Department  of  Agricultural  Education. 
Katherine  M.  Harris,    .........       3  Pleasant  Street. 

Stenographer,  Department  of  Agronomy. 
Gertrude  E.  Hollis,        .........       25  Fearing  Street. 

Stenographer,  Dean's  Office. 
Catherine  E.  Honney,    .........     72  Lincoln  Avenue. 

Stenographer,  President's  Office. 
Evelyn  C.  Hubbard,        ........   24  North  Prospect  Street. 

Stenographer,  Division  of  Agriculture. 
Elizabeth  M.  Kiley,        ..........    Northampton. 

Stenographer,  Department  of  Entomology. 
Lillian  E.  Lake,      ...........      Draper  Hall. 

Stenographer,  President's  Office. 
Marguerite  C.  Leduc,    ..........    Northampton. 

Chief  Clerk,  Extension  Service. 
HoNORiA  Lee,  ..........       38  Cottage  Street. 

Stenographer,  Division  of  Horticulture. 
Helen  Martin,         ..........         o  Phillips  Street. 

Bookkeeper,  Treasurer's  Office. 
Edith  Meehan,         ......         1122  Massachusetts  Avenue,  Arlington. 

Stenographer,  Market-garden  Field  Station. 
Marie  A.  Mercier,  ..........      Draper  HaU. 

Stenographer,  Short  Courses. 
Mrs.  Gertrude  Milne,     .  .  .  .  .  .  .  .  .  .       Draper  Hall. 

Bookkeeper,  Treasurer's  Office. 
Gladys  I.  Miner, 79  Pleasant  Street. 

Stenographer,  Department  of  Botany. 
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Bridie  E.  O'Donnell,       ...........     Hadley. 

Stenographer,  Department  of  Entomology. 
Jtjlietta  O'Donnell,         .........  North  Amherst. 

Stenographer,  Registrar's  Office. 
CoRiNNE  T.  Petit, 31  East  Pleasant  Street. 

Clerk,  Extension  Ser\'ice. 
Mildred  Pierpont,  A.B.,  ........     28  Pleasant  Street. 

Clerk,  Dean's  Office. 
Mildred  Putney,     ............  Leverett. 

Stenographer,  Department  of  Agricultural  Economics. 
Helen  Reardon,      ............     Hadley. 

Stenographer,  Extension  Service. 
Josephine  B.  Reed,  .........       15  Fearing  Street. 

Stenographer,  Extension  Service. 
Edith  C.  Robinson,  .  .  .  .  .  .  .  .24  North  Prospect  Street. 

Secretary  to  the  President. 
Mrs.  Ruth  L.  Rodwaye,  .........        9  Gaylord  Street. 

Bookkeeper,  Treasurer's  Office. 
Ora  E.  Rouleau,     ..........   10  Dickinson  Street. 

Clerk,  Division  of  Horticulture. 
Ruby  Sanborn,  A.B.,        .........      45  Pleasant  Street. 

Clerk,  Department  of  Poultry  Husbandry. 
R.  Elvera  Schuler,  ..........      Draper  Hall. 

Stenographer,  Short  Courses. 
Ruth  Sherburne,  B.Sc,  .........      87  Pleasant  Street. 

Stenographer,  Department  of  Agricultural  Economics. 
Harriet  A.  Smith,  ...........    Northampton. 

Clerk,  President's  Office. 
Mrs.  Ruth  M.  Smith,       .......      "One  Acre,"  Mount  Pleasant. 

Stenographer,  Extension  Service. 
Elizabeth  B.  Strachan,  .........  17  High  Street. 

Bookkeeper,  Treasurer's  Office. 
Ethelyn  Streeter,  .........      79  Pleasant  Street. 

Clerk,  Division  of  Horticulture. 
Doris  C.  Tower,      .  .  .  .  .  .  .  .  .12  East  Pleasant  Street. 

Clerk,  Department  of  Poultry  Husbandry. 
Mrs.  Laura  S.  Tower,      .........  North  Amherst. 

Stenographer,  Department  of  Poultry  Husbandry. 
Olive  M.  Turner,  B.Sc,  .  .  .  .  .  .  .  .22  Spaulding  Street. 

Clerk,  Registrar's  Office. 
Catherine  H.  White,       .  .  .  .  .  .  .  .  .    50  Mount  Pleasant. 

Stenographer,  Extension  Service. 


Clerk,  Extension  Service. 


Secretary,  Division  of  Rural  Social  Science. 
Stenographer,  Extension  Service. 


THE   LIBRARY   STAFF, 
Henry  S.  Green,  A.B.,  LL.D., 

Librarian. 
Ethel  A.  Green,  A.M.,  . 

Library  Assistant. 
Margery  Burnett, 

Department  Librarian. 
Lena  V.  Chapman,  .... 

Assistant  in  charge  of  circulation. 
Florence  B.  Kimball,  A.B.,     . 

Cataloguer. 
Frances  Powers,     .... 

Stenographer. 


Mount  Pleasant. 

Mount  Pleasant. 

12  East  Pleasant  Street. 

77  South  Pleasant  Street. 

87  Pleasant  Street. 

.     44  Lincoln  Avenue. 
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OTHER  OFFICERS 
Thomas  F.  Butterworth, 

Engineer. 
Grace  Charman,      .... 

Resident  Nurse. 
Marguerite  Davis, 

Resident  Nurse. 
Lawrence  S.  Dickinson,  B.Sc, 

Superintendent  of  Grounds. 
Lulu  Diether,  .... 

Manager  of  the  Dining  HalL 
Samuel  C.  Hubbard, 

Foreman,  Department  of  Floriculture 
Clarence  A.  Jewett, 

Superintendent  of  Buildings. 
John  J.  Lee,    ..... 

Assistant  to  the  Military  Detail. 
William  E.  Martin, 

Laboratory  Assistant,  Department  of  Horticultural  Manufactures. 
Enos  J.  Montague,  B.Sc, 

Farm  Superintendent. 
Adelbert  Sheffield, 

Superintendent  of  Dairy  Manufactures 
Mrs.  Marie  E.  White, 

Matron. 

GRADUATE   ASSISTANTS. 
Richard  J.  Drbxel,  B.Sc.Agr., 

Department  of  Pomology. 
Mildred  E.  Edwards,  B.Sc,     . 

Department  of  Microbiology. 
Renzy  E.  Flikkema,  A.B., 

Department  of  Chemistry. 
Rowland  B.  French,  B.Sc, 

Department  of  Chemistry. 
Gerald  M.  Gilligan,  B.Sc, 

Department  of  Chemistry. 
Adonis  L.  Gray,  B.Sc.Agr., 

Department  of  Agronomy. 
William  C.  King,  B.Sc.Agr.,     . 

Department  of  Landscape  Gardenin; 
Newton  E.  Lincoln,  B.Sc, 

Department  of  Poultrj'  Husbandry. 
John  G.  McCrimmon,  B.Sc.Agr., 

Department  of  Microbiology. 
David  Potter,  B.Sc, 

Department  of  Botany. 
Lawrence  F.  Pratt,  B.Sc, 

Department  of  Chemistry. 
J.  Raymond  Sanborn,  B.Sc., 

Department  of  Microbiology. 
Harrison  M.  Tietz,  B.Sc, 

Department  of  Entomology. 
Heebebt  L.  VonMechow,  B.Sc, 

Department  of  Agronomy. 
Herbert  W.  Yount,  B.Sc.Agr., 

Department  of  Agricultural  Economics 


3  Phillips  Street. 
Infirmary. 


Infirmary. 
2  Farview  Way. 


Draper  Hall. 


1S3  South  Pleasant  Street. 


112  Pleasant  Street. 

38  Cottage  Street. 

5  Phillips  Street. 

.  Campus. 


North  Amherst. 


Abigail  Adams  House. 

.    Eames  Street. 

The  Davenport. 

Chemistry  Building. 

Chemistry  Building. 

77  Pleasant  Street. 

7  East  Pleasant  Street. 

50  Pleasant  Street. 

81  Pleasant  Street. 

53  Lincoln  Avenue. 

Clark  Hall. 

Q.  T.  V.  House. 

North  Amherst. 

6  Nutting  Avenue. 

East  Pleasant  Street. 

9  Fearing  Street. 
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Standing  Committees  of  the  Pacultt. 


1921-22. 


Commencement  . 
Dean  Lewis. 

Treasurer  Kennet. 
Secretary  Watts. 
Mr.  S.  R.  Parker. 
Professor  Thateb. 
Mr.  Redman. 


Course  of  Study. 
President  Buttebfield. 
Dean  Lewis. 
Professor  Hart. 
Professor  Waugh. 
Professor  Patterson. 
Professor  Febnald. 
Professor  Ostbander. 
Professor  Marshall. 
Professor  Chambeblain. 
Professor  Phelan. 
Professor  Foobd. 


Discipline. 
Dean  Lewis. 

Professor  Machmee. 
Professor  Phelan. 
Professor  Chenoweth. 
Professor  Hicks. 


Employment. 
Professor  Judkins. 

Treasurer  Kenney. 
Secretary  Watts. 
Professor  Thayer. 


Non-athletic  Board. 
Professor  Machmeb. 

Assistant  Professor  Gould. 


Entrance  Examinations  and  Admission.. 
Professor  Hasbrouck. 

Professor  Patterson. 

Professor  Osmun. 

Professor  Ashley. 

Professor  Machmer. 

Health  and  Sanitation. 
Professor  Marshall. 
Dean  Lewis. 
Treasurer  Kenney. 
Professor  Hicks. 
Miss  Skinneb. 

Lib  BABY. 
Professor  Mabshall. 

Professor  Patterson. 
Professor  Cance. 
Mr.  Gbeen. 

Scholaeship. 
Professor  Machmee. 
Dean  Lewis. 
Professor  Hasbeouck. 
Assistant  Professor  Rand. 
Professor  Mackimmie. 
Professor  Patteeson. 
Assistant  Professor  Paekeb. 
Professor  Hicks. 
Assistant  Professor  Toebey. 

Student  Life. 
Professor  Patteeson. 
Secretary  Watts. 
Professor  Phelan. 
Professor  Seabs. 
Professor  Chambeblain. 
Professor  Thayeb. 

Athletic  Boabd. 
Dean  Lewis. 

Professor  Hasbeouck. 
Professor  Osmun. 


The  College 


Admission. 


A.     Application  for  Admission. 
Correspondence  concerning  admission  should  be  addressed  to  the 
registrar. 

Every  applicant  for  admission  to  the  college  must  be  at  least  sixteen  years 
old,  and  must  present  to  the  registrar  proper  testimonials  of  character,  which, 
whenever  possible,  should  come  from  the  principal  of  the  school  at  which  the 
applicant  has  prepared  for  college.  Candidates  who  desire  to  present  them- 
selves for  examination  in  any  subjects  must  make  application  to  the  college 
for  such  privilege  at  least  one  month  before  the  date  of  the  examination. 
Blanks  for  such  appUcation  may  be  obtained  by  addressing  the  registrar  of  the 
college.  All  entrance  credentials  must  be  in  the  hands  of  the  registrar  before 
the  apphcant  can  matriculate. 

B.     Modes  of  Admission. 

Students  are  admitted  to  the  freshman  class  either  upon  certificate  or  upon 
examination.     No  diploma  from  a  secondary  school  will  be  accepted. 

Certificates.  —  Certificates  will  be  received  from  those  schools  in  New 
England  which  have  been  approved  by  the  New  England  College  Entrance 
Certificate  Board.  Principals  of  schools  in  New  England  who  desire  the 
certificate  privilege  should  address  the  secretary  of  the  Board,  Professor  Frank 
W.  Nicolson,  Wesleyan  University,  Middletown,  Conn.  Certificates  from 
schools  outside  of  New  England  may  be  received  if  those  schools  are  on  the 
approved  list  of  the  leading  colleges  of  the  section  in  which  the  school  in 
question  is  located. 

The  credentials  of  the  Board  of  Regents  of  the  State  of  New  York  are  ac- 
cepted as  satisfying  the  entrance  requirements  of  this  college  when  offered 
subject  for  subject. 

Certificates  in  order  to  be  accepted  must  present  in  the  prescribed  and  restric- 
tive elective  groups  at  least  three  of  the  necessary  fourteen  and  one-half  credits. 
It  is  to  be  understood,  however,  that  responsibihty  for  certification  in  either 
elementary  French,  elementary  German,  English  1  or  Enghsh  2,  Latin  A, 
Greek  A  or  algebra  must  be  assumed  by  one  school,  if  the  candidate  has  re- 
ceived his  preparation  in  any  one  subject  named  above  in  more  than  one  school. 
Subjects  lacking  on  certificate  (except  for  the  permitted  number  of  conditions) 
must  be  made  up  at  the  time  of  the  examinations  for  admission. 

Blank  forms  for  certification  —  sent  to  principals  or  school  superintendents 
only  —  may  be  obtained  on  appUcation  to  the  registrar  of  the  college. 

Examinations.  —  The  examination  in  each  subject  may  be  oral  or  written, 
or  both.  The  standard  required  for  passing  an  examination  for  admission 
is  65  per  cent.     Conditions  to  the  amount  of  two  units  will  be  allowed. 
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Entrance  examination  for  admission  to  the  Massachusetts  Agricultural 
CoUege  will  be  held  at  the  following  centers:  — 

In  June,     ......     Amherst,  Department  of  Physics  building. 

Massachusetts    Institute    of    Technology, 

Cambridge,  Mass. 
Worcester,  Horticultural  Hall. 

In  September,    .....    Amherst,  Department  of  Physics  building. 

Please  note  that  September  examinations  are   held  in  Amherst 
only. 

Schedule  for  Entrance  Examinations,  June  29-July  1,  inclusive,  1922.  — 
The  examinations  in  June  will  follow  this  schedule:  — 


7.45  A.M.  Registration,  i 

8.00  A.M.  Plane  geometry. 

10.00  A.M.  Chemistry. 

11.30  A.M.  Botany. 

2.00  P.M.  Solid  geometry. 

4.00  P.M.  Physics. 


First  Day. 


Second  Day, 
8.00  A.M.     English  1  and  2. 
11.00  A.M.     Algebra. 
2.00  P.M.     History  (ancient;    medieval  and  modern;    English;    general;    United  States 
and  civics). 

Third  Day. 
8.00  A.M.     French,  German,  Spanish,  required  and  elective. 

1.00  P.M.     Latin,  elementary,  intermediate  and  advanced,  and  all  one-half  credit  elec- 
tives,  except  those  already  noted. 

Schedule  for  Entrance  Examinations  in  September.  —  In  September,  1922, 
the  examinations  will  be  given  September  20-23,  inclusive,  and  mil  follow  the 
order  indicated  below:  — 

First  Day.  '. 

1.00  P.M.     Registration,  i  .^ 

1.15-5.00  P.M.     Greek,  elementary  and  intermediate.  '  } 


8.00  A.M.  Plane  geometry. 

10.00  A.M.  Chemistry. 

11.30  A.M.  Botany. 

2.00  P.M.  Solid  geometry. 

4.00  P.M.  Physics. 


Second  Day. 


Third  Day.  4 

8.00  A.M.     English  1  and  2. 
11.00  A.M.     Algebra. 
2.00  P.M.     History  (ancient;   medieval  and  modern;    English;    general;    United  States 
and  civics). 

1  Candidates  who  have  no  examination   at  the  time  set   for  registration  may  register  at 
the  time  of  their  first  examination  should  they  so  desire. 
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Fourth  Day. 
8.00  A.M.     French,  German,  Spanish,  required  and  elective. 

1.00  P.M.     Latin,  elementary,  intermediate  and  advanced,  and  all  one-half  credit  elec- 
tives,  except  those  already  noted. 


C.     Reqxjiremekts  for  Admission. 

The  requirements  for  admission  are  based  on  the  completion  of  a  four- 
year  high  school  course,  or  its  equivalent,  and  are  stated  in  terms  of  units. 
The  term  unit  means  the  equivalent  of  at  least  four  recitations  a  week  for  a 
school  year. 

Fourteen  and  one-half  units  must  be  offered  for  admission  in  accordance 
with  the  entrance  requirements  as  stated  below.  Entrance  credits  gained 
either  by  certificate  or  by  examination  will  hold  good  for  one  year. 

Entrance  Requirements. 

1.  Prescribed.  —  The  following  units  are  prescribed:  — 

English  1, IH 

EngUsh2 IJi 

A  foreign  language,        .........  2 

Algebra,        ...........  IJ^ 

Plane  geometry,    ..........  1 

2.  Restricted  Electives.  —  Three  units  to  be  selected  from  — 

Science,        .  .  .  .  .  .  .  .  ,  .  .  1, 2  or  3 

History  (American  history  and  civics  included) ,  .  .  .  .  1,  2  or  3 

A  second  foreign  language,     .  .  .  .  .  .  .  .  2  or  3 

Additional  work  in  first  foreign  language,  .  .  .  .  .  1  or  2. 

3.  Free  Margin.  —  Free  margin  of  four  units  to  consist  of  any  substantial 
work  (including  agriculture,  ^  general  science  and  a  fourth  year  of  English) 
for  which  credit  of  not  less  than  one-half  unit  earned  in  one  year  is  given 
toward  a  secondary  school  -diploma. 

Units  presented  in  the  free  margin  group  are  not  to  be  offered  by  exami- 
nation or  by  certificate,  but  presented  by  submitting  a  principal's  statement 
to  the  effect  that  such  units  have  been  earned  in  a  secondary  school,  and  have 
been  credited  toward  a  diploma  issued  by  such  a  school. 

4.  One  unit  of  history  must  be  offered  in  either  the  restricted  electives  or 
the  free  margin. 

5.  If  elementary  algebra  and  plane  geometry  are  counted  as  three  units, 
the  total  requirement  will  be  fifteen  units. 

6.  Both  the  credits  under  the  prescribed  group  and  the  restricted  elective 
group  must  be  presented  either  by  certificate  from  an  approved  school  or  by 
examination,  or  by  a  combination  of  both. 

The  following  is  a  list  of  subjects  in  which  the  entrance  credits  must  be 
offered  in  the  prescribed  and  restricted  elective  groups :  — 

1  See  page  32  for  details. 
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Mathematics  and  Science. 

Botany,  i J^  or  1 

Chemistry, '  ..........  1 

Algebra .  ij/^ 

Plane  geometry,    ..........  1 

Solid  geometry,     ..........  J^ 

Trigonometry,       ..........  J^ 

Physics, '...........  1 

Geology,       .  .  .  .  .  .'        ..  .  .  .  .  J4 

Physical  geography,       .........  14 

Physiology, 14, 

Zoology,  I J^ 

History. 

Ancient,       ...........  1 

Medieval  and  modern,  .........  1 

English,        ...........  1 

General,       ...........  1 

United  States  and  civics,        ........  1 

English. 

English  1, 1J4 

English  2, -.  .  .     I14 

Foreign  Language. 
Elementary  French,       .........     2 

Elementary  German,     .........     2 

Elementary  Spanish,      .........     2 

Elementary  Latin,  .  .  .  .  .  .  .  .  .2 

Elementary  Greek,  2       .  .  .  .  .  .  .  .  .2 

Intermediate  French,     ......... 

Intermediate  German,  ......... 

Intermediate  Spanish,   .  .  .  . 

Intermediate  Latin,       ......... 

Intermediate  Greek,  ^    ........  . 

Advanced  French,  ........ 

Advanced  German,        ......... 

Advanced  Spanish,         ......... 

Advanced  Latin,  .......... 

No  applicant  deficient  in  both  algebra  and  plane  geometry  will  be  admitted.. 

PRESENTATION  OF  NOTE-BOOKS. —  The  keeping  of  a  note-book  is  required 
as  part  of  the  preparation  in  those  subjects  indicated  (see  note  1,  below). 

Candidates  presenting  themselves  for  examination  in  such  subjects  must  present 
at  the  same  time  the  required  note-book,  properly  certified  by  the  principal.  Can- 
didates presenting  such  subjects  on  certificates  should  not  present  note-books;  but 
their  certificates  must  state  that  note-books  have  been  satisfactorily  completed. 

D.    Statement  of  Prepakation  Required  for  Admission. 

Agriculture.  —  Entrance  credit  in  agriculture  is  granted  on  the  following 
basis:  — 

I.  The  Massachusetts  Agricultural  College  accepts  a  maximum  of  four 
credits  in  agriculture  from  any  secondary  or  county  agricultural  high  school 
in  Massachusetts  offering  work  in  that  subject,  provided  evidence  of  such 

'  Note-book  required  as  part  of  the  preparation  will  be  credited  as  part  of  the  examinatioft 
s  Examination  in  September  only. 
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work  having  been  done  is  submitted  on  a  principal's  statement,  as  is  indicated 
in  the  "free  margin"  group. 

II.  In  high  schools  organizing  agricultural  club  work  under  the  supervision 
and  rules  of  the  junior  extension  service  of  the  college,  one  credit  is  granted 
for  each  full  year  of  work  performed  under  the  following  plan :  — 

Work  of  the  Winter  Term.  —  (a)  The  study  of  textbooks  such  as  are  suitable 
for  secondary  school  instruction  in  agriculture. 

(b)  Course  of  Study :    A  general  outline  of  suggested  topics  for  stud3^ 

(c)  Visits  by  a  representative  of  the  Massachusetts  Agricultural  College 
for  observation,  counsel  and  advice  in  regard  to  kind  and  amount  of  work 
being  done  in  agriculture. 

(d)  Formation  of  an  agricultural  club  with  officers  from  among  its  own 
members,  meeting  once  a  month  under  local  supervision  of  some  one  authorized 
to  act  for  the  school  authorities. 

Work  of  the  Spring  Term.  —  Same  in  general  form  as  winter  term. 

Work  of  the  Summer  Term.  —  An  approved  project  conforming  to  the  rules 
of  some  one  or  more  of  the  agricultural  clubs  of  the  junior  extension  service 
of  the  Massachusetts  Agricultural  College. 

Work  of  the  Fall  Term.  —  (a)  An  exhibit  of  work. 

(6)  Reports  and  story  of  achievement  submitted  to  the  junior  extension 
service  of  the  college. 

The  maximum   number  of  credits  in  agriculture  is  four. 

Botany.  —  For  one  unit  of  credit  in  botany,  the  work  outlined  in  the 
statement  of  requirements  issued  by  the  College  Entrance  Examination 
Board,  or  its  equivalent,  will  be  accepted.  This  work  should  occupy  one 
school  year  and  include  laboratory  and  supplementary  text-book  study.  For 
one-half  unit  of  credit,  work  that  covers  the  same  ground  but  occupies  half 
the  time  required  for  a  full  unit  of  credit  will  be  accepted.  These  require- 
ments are  met  by  such  texts  as  Stevens'  "Introduction  to  Botany"  and 
Bergen  &  Davis'  "Principles  of  Botany."  A  note-book  containing  neat, 
accurate  drav/ings  and  descriptive  records  forms  part  of  the  requirement  for 
either  the  half-unit  or  the  one-unit  credit,  and  this  note-book  must  be  pre- 
sented by  all  applicants  for  admission  upon  examination  in  this  subject.  The 
careful  preparation  of  an  herbarium  is  recommended  to  all  prospective  students 
of  this  college,  although  the  herbarium  is  not  required. 

Chemistry.  —  The  entrance  examination  in  chemistry  will  cover  the  work 
outlined  by  the  College  Entrance  Examination  Board  as  preparatory  for 
college  entrance.  In  general,  this  consists  of  a  year  of  high  school  chemistry 
from  any  standard  textbook,  with  laboratory  work  on  the  properties  of  the 
common  elements  and  their  simpler  compounds.  No  particular  work  is  pre- 
scribed.   The  keeping  of  a  note-book  is  required. 

Mathematics. —  (a)  Required.  —  Algebra:  The  four  fundamental  opera- 
tions for  rational  algebraic  expressions;  factoring,  determination  of  highest 
common  factor  and  lowest  common  multiple  by  factoring;  fractions,  includ- 
ing complex  fractions;  ratio  and  proportion;  linear  equations,  both  numerical 
and  literal,  containing  one  or  more  unknown  quantities;  problems  depending 
on  linear  equations;  radicals,  including  the  extraction  of  the  square  root  of 
polynominals  and  numbers;  exponents,  including  the  fractional  and  negative; 
quadratic  equations,  both  numerical  and  literal;  simple  cases  of  equations 
with  one  or  more  unknown  quantities  that  can  be  solved  by  the  methods  of 
Hnear  or  quadratic  equations;  problems  depending  upon  quadratic  equations; 
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the  binominal  theorem  for  positive  integral  exponents,  the  formulas  for  the 
nth  term  and  the  sum  of  the  terms  of  arithmetic  and  geometric  progressions, 
with  applications. 

Plane  Geometry:  The  usual  theorems  and  constructions  of  good  textbooks, 
including  the  general  properties  of  plane  rectiUnear  figures;  the  circle  and 
the  measurement  of  angles;  similar  polygons;  areas;  regular  polygons  and 
the  measurement  of  the  circle;  the  solution  of  numerous  original  exercises, 
including  loci  problems;  appUcations  to  the  mensuration  of  lines  and  plane 
surfaces. 

(&)  Elective.  —  Solid  Geometry:  The  usual  theorems  and  constructions  of 
good  textbooks,  including  the  relations  of  planes  and  lines  in  space;  the 
properties  and  measurement  of  prisms,  pyramids,  cylinders  and  cones;  the 
sphere  and  spherical  triangle;  the  solution  of  numerous  original  exercises, 
including  loci  problems;  applications  to  the  mensuration  of  surfaces  and 
solids. 

Plane  Trigonometry:  A  knowledge  of  the  definitions  and  relations  of  trig- 
onometric functions  and  of  circular  measurements  and  angles;  proofs  of  the 
principal  formulas  and  the  application  of  these  formulas  to  the  transforma- 
tion of  the  trigonometric  functions;  solution  of  trigonometric  equations,  the 
theory  and  use  of  logarithms,  and  the  solution  of  right  and  oblique  triangles. 

Physics.  —  To  satisfy  the  entrance  requirement  in  physics,  the  equivalent 
of  at  least  one  unit  of  work  is  required.  This  work  must  consist  of  both  class- 
room work  and  laboratory  practice.  The  work  covered  in  the  class-room 
should  be  equal  to  that  outHned  in  Hall  &  Bergen's  "Textbook  of  Physics" 
or  Millikan  &  Gale;  the  laboratory  work  should  represent  at  least  thirty- 
five  experiments  involving  careful  measurements,  with  accurate  recording 
of  each  in  laboratory  note-book.  This  note-book,  certified  by  the  instructor 
in  the  subject,  must  be  submitted  by  each  candidate  presenting  himself  for 
examination  in  physics;  credit  for  passing  the  subject  will  be  given  on  labora- 
tory notes  and  on  the  examination  submitted.  Candidates  entering  on  certifi- 
cate will  not  be  required  to  present  note-books,  but  the  principal's  certification 
must  cover  laboratory  as  well  as  class-room  work. 

Physiology.  —  Hough  &  Sedgwick's  "The  Human  Mechanism;"  Mar- 
tin's "The  Human  Body;   Briefer  Course." 

Zoology,  Physical  Geography,  Geology.  —  The  following  suggestions  are 
made  concerning  preparation  for  admission  in  the  subjects  named  above:  — 

For  physiography,  Davis'  "Elementary  Physical  Geography;"  Gilbert  & 
Brigham's  "Introduction  to  Physical  Geography."  For  zoology,  textbooks 
entitled  "Animals"  or  "Animal  Studies,"  by  Jordan,  Kellogg  and  Heath; 
Linville  &  Kelley's  "A  Textbook  in  General  Zoology."  For  geology,  A.  P. 
Brigham's  "A  Textbook  of  Geology"  or  Tarr's  "Elementary  Geology." 

Applicants  for  examination  in  zoology  are  required  to  present  certified 
laboratory  note-books;  applicants  for  examination  in  the  other  subjects  are 
advised  to  present  note-books,  if  laboratory  work  has  been  done.  Good  note- 
books may  be  given  credit  for  entrance.  Examination  in  these  subjects  will 
be  general,  in  recognition  of  the  different  methods  of  conducting  courses;  but 
students  will  be  examined  on  the  basis  of  the  most  thorough  secondary  school 
courses. 

History.  —  The  required  unit  must  be  offered  in  either  ancient  history, 
medieval  and  modern  history,  English  history,  general  history,  or  United 
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States  history  and  civics.  Either  one,  two  or  three  elective  units  in  any  of 
the  historical  subjects  here  named  may  be  offered,  provided  that  no  unit  be 
offered  in  the  same  subject  in  which  the  required  unit  has  been  offered. 

Preparation  in  history  will  be  satisfactory  if  made  in  accordance  with  the 
recommendations  of  the  committee  of  seven  of  the  American  Historical  As- 
sociation, as  outlined  by  the  College  Entrance  Examination  Board.  The 
examination  will  require  comparisons  and  the  use  of  judgment  by  the  candi- 
date rather  than  the  mere  use  of  memory,  and  it  will  presuppose  the  use  of 
good  textbooks,  collateral  reading  and  practice  in  written  work.  Geographical 
knowledge  may  be  tested  by  requiring  the  location  of  places  and  movements 
on  outline  maps. 

To  indicate  in  a  general  way  the  character  of  the  text-book  work  expected, 
the  texts  of  the  following  authors  are  suggested:  Botsford,  Morey  or  Myers, 
in  ancient  history  (to  814  A.D.);  Adams,  West  or  Myers,  in  medieval  his- 
tory; Montgomery,  Lamed  or  Cheyney,  in  English  history;  Myers  or  Fisher, 
in  general  history;  Fiske,  together  with  MacLaughlin  or  Montgomery,  in 
United  States  history  and  civics. 

English.  —  The  study  of  English  in  school  has  two  main  objects,  which 
should  be  considered  of  equal  importance:  (1)  command  of  correct  and  clear 
English,  spoken  and  written;  (2)  ability  to  read  with  accuracy,  intelligence 
and  appreciation,  and  the  development  of  the  habit  of  reading  good  literature 
with  enjoyment. 

(1)  Grammar  and  Composition  (One  and  One-half  Units).  —  The  first  object 
requires  instruction  in  grammar  and  composition.  English  grammar  should 
ordinarily  be  reviewed  in  the  secondary  school;  and  correct  spelling  and  gram- 
matical accuracy  should  be  rigorously  exacted  iij  connection  with  all  written 
work  during  the  four  years.  The  principles  of  English  composition  governing 
punctuation,  the  use  of  words,  sentences  and  paragraphs  should  be  thoroughly 
mastered;  and  practice  in  composition,  oral  as  well  as  written,  should  extend 
throughout  the  secondary  school  period.  Written  exercises  may  well  comprise 
letter-writing,  narration,  description  and  easy  exposition  and  argument.  It  is 
advisable  that  subjects  for  this  work  be  taken  from  the  student's  personal 
experience,  general  knowledge  and  studies  other  than  English,  as  well  as 
from  his'  reading  in  literature.  Finally,  special  instruction  in  language  and 
composition  should  be  accompanied  by  concerted  effort  of  teachers  in  all 
branches  to  cultivate  in  the  student  the  habit  of  using  good  English  in  his 
recitations  and  various  exercises,  whether  oral  or  written. 

(2)  Literature  (One  and  One-half  Units).  —  The  second  object  is  sought  by 
means  of  two  lists  of  books,  headed,  respectively,  "Reading"  and  "Study," 
from  which  may  be  framed  a  progressive  course  in  literature  covering  four 
years.  In  connection  with  both  lists  the  student  should  be  trained  in  reading 
aloud  and  encouraged  to  commit  to  memory  some  of  the  more  notable 
passages  both  in  verse  and  in  prose.  As  an  aid  to  literary  appreciation,  he  is 
further  advised  to  acquaint  himself  with  the  most  important  facts  in  the  lives 
of  the  authors  whose  works  he  reads  and  with  their  place  in  literary  history. 

A.  Books  for  Reading.  —  The  aim  of  this  course  is  to  foster  in  the  student 
the  habit  of  intelligent  reading  and  to  develop  a  taste  for  good  literature  by 
giving  him  a  first-hand  knowledge  of  some  of  its  best  specimens.  He  should 
read  the  books  carefully,  but  his  attention  should  not  be  so  fixed  upon  details 
that  he  fails  to  appreciate  the  main  purpose  and  charm  of  what  he  reads. 
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The  books  provided  for  reading  are  arranged  in  the  following  groups,  from 
each  of  which  at  least  two  selections  are  to  be  made,  except  that  for  any  book 
in  Group  I.  a  book  from  any  other  may  be  substituted. 


Group  I.     Classics  in  Translation. 

The  "Old  Testament,"  at  least  the  chief  narrative  episodes  in  Genesis,  Exodus,  Joshua,  Judges, 
Samuel,  Kings  and  Daniel,  together  with  the  books  of  Ruth  and  Esther. 

The  "Odyssey,"  with  the  omission,  if  desired,  of  Books  I-V,  XV  and  XVI. 

The  "^neid." 

The  "Odyssey"  and  the  "JSneid"  should  be  read  in  English  translations  of  recognized  lit- 
erary excellence. 

Group  II.     Drama. 
Shakespeare:   "Merchant  of  Venice,"  "As  You  Like  It,"  "Julius  Csesar." 


Group  III.    Prose  Fiction, 
Dickens:  "A  Tale  of  Two  Cities." 
George  Eliot:   "  Silas  Marner." 
Scott:   "  Quentin  Durward." 
Hawthorne:  "The  House  of  the  Seven  Gables." 


Group  IV.    Essays,  Biographt,  etc. 
Addison  and  Steele:   "The  Sir  Roger  de  Coverley  Papers." 
Irving:   "The  Sketch  Book,"  selections  covering  about  175  pages. 
Macaulay:   "LordClive." 
Parkman:  "  The  Oregon  Trail." 

•  Group  V.    Poetry. 

Tennyson:  "The  Coming  of  Arthur,"  "Gareth  and  Lynette,"  "Lancelot  and  Elaine,"  "The 
Passing  of  Arthur." 

Browning:  "Cavalier  Tunes,"  "The  Lost  Leader,"  "How  They  Brought  the  Good  News 
from  Ghent  to  Aix,"  "Home  Thoughts  from  Abroad,"  "Home  Thoughts  from  the  Sea," 
"Incident  of  the  French  Camp,"  "Herve  Rial,"  "Pheidippides,"  "My  Last  Duchess," 
"Up  at  a  Villa — Down  in  the  City,"  "The  Italian  in  England,"  "The  Patriot,"  "The  Pied 
Piper,"  "De  Gustibus,"  "Instans  Tyrannus." 

Scott:   "The  Lady  of  the  Lake." 

Coleridge:   "The  Ancient  Mariner."  ' 

Arnold:   "Sohrab  and  Rustum." 

B.  Books  for  Study.  —  This  part  of  the  requirement  is  intended  as  a 
natural  and  logical  continuation  of  the  student's  earlier  reading,  with  greater 
stress  laid  upon  form  and  style,  the  exact  meaning  of  words  and  phrases,  and 
the  understanding  of  allusions.  The  books  provided  for  study  are  arranged 
in  four  groups,  from  each  of  which  one  selection  is  to  be  made. 

The  books  provided  for  study  are  arranged  in  four  groups,  from  each  of 
which  one  selection  is  to  be  made. 

Group  I.     Drama.  ' 

Shakespeare:   "Macbeth,"  "Hamlet." 

Group  II.     Poetry. 

Milton:    "L'Allegro,"  "II  Penseroso,"  "Comus." 

Book  IV  of  Palgrave's  "Golden  Treasury"  (first  series),  with  special  attention  to  Wordsworth, 
Keats  and  Shelley. 
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Group  III.    Oratory. 
Burke:  "Speech  on  Conciliation  with  America." 

Washington's   "Farewell  Address,"  Webster's  "First  Bunker  Hill  Oration,"  and  Lincoln's 
"Gettysburg  Address." 

Group  IV.    Essays. 
Macaulay:  "Life  of  Johnson." 
Carlyle:   "Essay  on  Burns,"  with  a  brief  selection  from  Burns'  poems. 

Examination.  —  However  accurate  in  subject-matter,  no  paper  will  be  con- 
sidered satisfactory  if  seriously  defective  in  punctuation,  spelling  or  other 
essentials  of  good  usage. 

The  examination  will  be  divided  into  two  parts,  one  of  which  will  be  on 
grammar  and  composition,  and  the  other  on  literature. 

In  grammar  and  composition,  the  candidate  may  be  asked  specific  questions 
upon  the  practical  essentials  of  these  studies,  such  as  the  relation  of  the  various 
parts  of  a  sentence  to  one  another,  the  construction  of  individual  words  in  a 
sentence  of  reasonable  difficulty,  and  those  good  usages  of  modern  English 
which  one  should  know  in  distinction  from  current  errors.  The  main  test  in 
composition  will  consist  of  one  or  more  essays,  developing  a  theme  through 
several  paragraphs;  the  subjects  will  be  drawn  from  the  books  read,  from  the 
candidate's  other  studies  and  from  his  personal  knowledge  and  experience  quite 
apart  from  reading. 

The  examination  in  literature  will  include:  — 

(a)  General  questions  designed  to  test  such  a  knowledge  and  appreciation 
of  literature  as  may  be  gained  by  fulfilling  the  requirements  defined  under 
"A,  Reading,"  above. 

(b)  A  test  on  the  books  prescribed  for  study,  which  will  consist  of  questions 
upon  their  content  and  structure,  and  upon  the  meaning  of  such  words,  phrases 
and  allusions  as  may  be  necessary  to  an  understanding  of  the  works  and  an 
appreciation  of  their  salient  qualities  of  style.  General  questions  may  also 
be  asked  concerning  the  lives  of  the  authors,  their  works  and  the  periods  of 
literary  history  to  which  they  belong. 

French.  —  Elementary:  The  necessary  preparation  for  this  examination 
is  stated  in  the  description  of  the  two-year  course  in  elementary  French 
recommended  by  the  Modern  Language  Association,  contained  in  the  defini- 
tion of  requirements  of  the  College  Entrance  Examination  Board. 

Third  and  fourth  year  French  (elective  subjects  for  admission).  —  For  a 
third  credit  unit  in  French  as  an  elective  subject  for  entrance,  the  work  here- 
tofore described  by  the  College  Entrance  Examination  Board  as  "interme- 
diate" is  expected.  For  a  fourth  credit  unit,  the  work  described  as  "advanced" 
is  expected. 

No  examination  for  a  third  unit  in  French  will  be  given  unless  the  candidate 
has  presented  elementary  French  on  certificate,  or  has  written  the  examination 
in  elementary  French. 

No  examination  for  a  fourth  credit  in  French  will  be  given  unless  the  candi- 
date has  presented  both  elementary  and  intermediate  French  upon  certificate, 
or  has  written  the  examination  in  both  elementary  and  intermediate  French. 

German.  —  Elementary:  The  entrance  requirements  in  German  conform 
to  those  of  the  College  Entrance  Examination  Board  for  elementary  German 
(the  standard  two-year  requirements). 
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Third  and  fourth  year  German  (elective  subjects  for  admission).  —  For  a 
third  credit  unit  in  German  as  an  elective  subject  for  entrance,  when  required 
units  have  been  offered  in  German,  the  work  heretofore  described  by  the 
College  Entrance  Examination  Board  as  "intermediate"  is  expected.  For 
a  fourth  credit  unit,  the  work  described  as  "advanced"  is  expected. 

No  examination  for  a  third  unit  in  German  will  be  given  unless  the  candi- 
date has  presented  elementary  German  upon  certificate,  or  has  written  the 
examination  in  elementary  German. 

No  examination  for  a  fourth  credit  in  German  will  be  given  unless  the 
candidate  has  presented  both  elementary  and  intermediate  German  upon 
certificate,  or  has  written  the  examination  for  both  elementary  and  inter- 
mediate German. 

Spanish.  —  Elementary:  The  necessary  preparation  for  this  examination 
is  stated  in  the  description  of  the  two-year  course  in  elementary  Spanish 
recommended  by  the  Modern  Language  Association,  contained  in  the  defini- 
tion of  requirements  of  the  College  Entrance  Examination  Board 

Third  and  fourth  year  Spanish  (elective  subjects  for  admission).  —  For  a 
third  credit  unit  in  Spanish  as  an  elective  subject  for  entrance,  the  work  here- 
tofore described  by  the  College  Entrance  Examination  Board  as  "interme- 
diate ' '  is  expected .  For  a  fourth  credit  unit,  the  work  described  as  ' '  advanced ' ' 
is  expected. 

No  examination  for  a  third  unit  in  Spanish  will  be  given  unless  the  candidate 
has  presented  elementary  Spanish  on  certificate,  or  has  written  the  examination 
in  elementary  Spanish. 

No  examination  for  a  fourth  credit  in  Spanish  will  be  given  unless  the  candi- 
date has  presented  both  elementary  and  intermediate  Spanish  upon  certificate, 
or  has  written  the  examination  in  both  elementary  and  intermediate  Spanish. 

Greek.  —  Elementary.  —  Greek  grammar  and  composition:  Translation 
into  Greek  of  short  sentences  illustrating  common  principles  of  syntax. 

The  examination  in  grammar  and  prose  composition  will  be  based  on  the 
first  four  books  of  Xenophon's  "Anabasis." 

Intermediate.  —  Homer's  "Iliad,"  Books  I  and  II  (omitting  Book  II,  494 
to  end),  and  the  Homeric  forms,  constructions,  idioms  and  prosody. 

Prose  composition,  consisting  of  continuous  prose  based  on  Xenophon,  and 
other  Attic  prose  of  similar  difficulty. 

Translation  of  passages  of  Homer  at  sight. 

The  examinations  in  Greek,  elementary  and  intermediate,  will  be 
given  in  September  only. 

Latin.  —  Elementary.  —  Two  credit  units  will  be  allowed  if  satisfactory 
proficiency  is  shown  (including  grammar)  in  (c)  the  translation  of  a  passage 
or  passages  taken  from  Caesar's  "Gallic  War,"  covering  at  least  four  books, 
and  (6)  the  translation  of  passages  of  Latin  prose  at  sight. 

Intermediate.  —  Cicero  (third  oration  "Against  Catiline"  and  the  orations 
"For  Archias"  and  "For  Marcellus")  and  sight  translation  of  prose. 

Advanced.  —  Vergil  (iEneid,  II,  III  and  VI)  and  sight  translation  of  poetry. 

E.     Admission  to  Advanced  Standing. 
Candidates  for  admission  to  advanced  standing,  in  addition  to  meeting 
the  regular  entrance  requirements,  must  also  pass  examinations  in  those  sub- 
jects already  pursued  by  the  class  they  desire  to  enter.     To  meet  this  require- 
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ment,  a  student  transferring  to  this  college  from  another  college  or  university 
of  recognized  standing  must  present  the  following  credentials:  — 

1.  A  letter  of  honorable  dismissal  from  the  institution  with  which  he  has 
been  connected. 

2.  A  statement  or  certificate  of  his  entrance  record. 

3.  A  statement  from  the  proper  officer  showing  a  complete  record  of  his 
work  while  in  attendance. 

4.  A  marked  catalogue  showing  the  courses  pursued. 

5.  A  statement  from  the  proper  officer,  giving  the  total  number  of  credits 
required  for  graduation  by  the  institution  from  which  the  applicant  is  trans- 
ferring, and,  of  this  total,  the  number  that  the  applicant  has  satisfactorily 
completed  at  the  time  of  transfer. 

These  credentials  should  be  presented  to  the  registrar.  Applications  will 
be  judged  wholly  on  their  merits  and  the  college  may  prescribe  additional 
tests  before  accepting  applicants  or  determining  the  standing  to  be  granted 
them. 

F.     Other  Information  about  Entrance. 

1.  The  privileges  of  the  college  may  be  withdrawn  from  any  student  at 
any  time  if  such  action  is  deemed  advisable.  (It  is  immaterial  whether  the 
pupil  has  entered  by  certificate  or  by  examination.) 

2.  The  examination  in  each  subject  may  be  either  oral  or  written,  or  both. 
The  standard  required  for  passing  an  entrance  examination  is  65  per  cent. 

3.  To  matriculate,  candidates  must  offer  twelve  and  one-half  of  the  fourteen 
and  one-half  units  required  for  admission,  and  will  be  conditioned  in  those 
subjects  not  passed.  At  least  five  and  one-half  credits  must  be  in  the  pre- 
scribed group.  No  candidate  deficient  in  both  algebra  and  plane  geometry  will 
be  admitted. 

4.  Examinations  for  the  removal  of  entrance  conditions  will  be  held  as 
follows:  (1)  First  entrance  condition  examination  during  the  first  week  of  the 
second  term.  (2)  Second  entrance  condition  examination  before  the  beginning 
of  the  period  of  final  examinations  of  the  second  term,  upon  the  payment  of  a 
fee  of  $5  to  the  treasurer. 

5.  Credits  for  entrance  requirements,  whether  gained  by  certificate  or  by 
examination,  will  hold  good  for  one  year. 

6.  Examinations  in  part  of  the  subjects  required  for  entrance  may  be  taken 
one  year  before  entering  college. 

7.  For  information  concerning  expenses,  scholarships,  etc.,  see  "General 
Information." 

8.  For  information  concerning  admission  to  short  courses,  see  "Short 
Courses." 

9.  Application  for  admission  as  a  "  Special  Student "  should  be  made  to 
the  Dean. 
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Courses  of  Instruction. 


TABLE   OF   FRESHMAN   AND   SOPHOMORE  SUBJECTS. 

[The  figures  indicate  the  number  of  credit  hours  a  week.     For  details,  see  the  descriptions  of 

courses.] 

Freshman  Year. 

First  Term. 
'  All  work  required. 


Subject. 


Courses  and  Numbers. 


Credit 

Hours  per 

Week. 


Chemistry, 

Algebra, 

Language,    . 

English, 

Agriculture, 

Military  (for  men), 

Microbiology  (for  women), 

Hygiene,      .         .        .        . 

Public  speaking, 


Chemistry  1  or  4,    . 

Mathematics  1, 

French  or  German  1  or  4, 

English  1 

Agronomy  1,  Horticulture  1,  . 

Military  1 

Microbiology  1, 

Physical  Education  1,     . 

Public  Speaking  1  (one-third  of  the  class). 


College  life  (attendance  without  credit). 


Second  Term. 


Chemistry, 

Algebra, 

Trigonometry, 

Language,    . 

English, 

Agriculture, 

Military  (for  men), 

Geology  (for  men), 

Riu-al  home  life  (for  women). 

Public  speaking. 


Chemistry  2  or  5,    . 
Mathematics  2,        .        .        .        . 
Mathematics  5,        .         .        .        . 
French  or  German  2  or  5, 

English  2 

Poultry  1,  Animal  Husbandry  1,  . 

Military  2 

Geology  2, 

Rural  Home  Life  2, 

Public  Speaking  1  (one-third  of  class). 


College  life  (attendance  without  credit). 
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Freshman  Year  —  Concluded. 
Third  Tebm. 


Subject. 


Courses  and  Numbers. 


Credit 

Hours  per 

Week. 


Chemistry, 

Solid  geometry,  . 

Mensuration  (for  men), 

Language,    . 

English, 

Botany, 

Military  (for  men), 

Microbiology  (for  women). 

Rural  home  life  (for  women). 

Recreation, 

Public  speaking. 


Chemistry  3  or  6 

Mathematics  3,        .        . 

Mathematics  6 

French  or  German  3  or  6, 

English  3 

Botany  3, 

Military  3 

Microbiology  3,        . 

Rural  Home  Life  3, 

Physical  Education  3,    . 

Public  Speaking  1  (one-third  of  class), 


College  life  (attendance  without  credit) . 
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Sophomore  Year. 

First  Term. 


Subject. 

Course 
Number. 

Class  Hours. 

Two  Hour 

Laboratory 

Periods. 

Credit 

Hours  per 

Week. 

Required. 
Physics, 

25 

3 

1 

4 

Zoology 

25 

2 

2 

4 

Botany 

25 

1 

2 

3 

English, 

25 

2 

- 

2 

Military  (for  men),      .... 

25 

1 

2 

3 

Microbiology  (for  women), 

25 

2 

- 

2 

Total  required 

- 

- 

- 

17 

Elective. 
Chemistry, 

25 

1 

2 

3 

French 

25  or  28 

3 

- 

3 

German 

25  or  28 

3 

- 

3 

Drawing 

25 

- 

3 

3 

Animal  husbandry,     .... 

25 

2 

1 

3 

Rural  engineering,       .... 

25 

- 

2 

2 

Rural  home  life,          .... 

25 

1 

2 

3 

Minimum  credit  for  first  term,  18. 
Maximum  credit  for  first  term,  21. 


Second  Term. 


Required. 
Physics 

26 

2 

1 

3 

Agricultural  economics. 

26 

5 

- 

5 

English, 

26 

2 

- 

2 

Military  (for  men). 

26 

1 

2 

3 

Total  required,     . 

- 

- 

- 

12 

Elective. 
Chemistry, 

26 

1 

2 

3 

French, 

26  or  29 

3 

- 

3 

German, 

26  or  29 

3 

- 

3 

Mathematics, 

26 

2 

- 

2 

Drawing, 

26 

- 

3 

3 

Entomology, 

26 

3 

3 

Animal  husbandry, 

26 

2 

1 

3 

Rural  engineering, 

26 

- 

2 

2 

■Botany, 

26 

1 

2 

3 

Economic  sociology. 

26 

5 

5 

Rural  home  life  (for  women), 

26 

1 

2 

3 

Maxiraum  credit  for  second  term,  20. 
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Sophomore  Year  —  Concluded. 

Third  Teem. 


Subject. 

Course 
Number. 

Class  Hours. 

Two  Hour 

Laboratory 

Periods. 

Credit 

Hours  per 

Week. 

Required. 

Rural  sociology,           .... 

27 

3 

- 

3 

Agronomy, 

27 

4 

1 

5 

English 

27 

2 

- 

2 

Military  (for  men) 

27 

1 

2 

3 

Microbiology  (for  women). 

27 

2 

- 

2 

Physical  education,  1   .... 

26 

- 

1 

1 

Total  required,      .... 

- 

- 

- 

15 

Elective. 

Botany, 

27 

1 

2 

3 

Chemistry, 

27 

1 

i 

5 

Chemistry, 

6 

3 

2 

5 

French 

27  or  30 

3 

- 

3 

German, 

27  or  30 

3 

- 

3 

Mathematics, 

27 

- 

3 

3 

Drawing, 

27 

- 

3 

3 

27 

- 

2 

2 

Geology 

27 

3 

2 

5 

27 

4 

1 

5 

Horticulture, 

27 

2 

1 

3 

Zoology, 

27 

1 

2 

3 

Rural  home  life  (for  women),     . 

27 

1 

2 

3 

Minimum  credit  for  third  term,  19. 

Maximum  credit  for  third  term,  22. 

J  Credit  for  Physical  Education  2  and  3  given  in  third  term. 
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MAJORS:    JUNIOR  AND  SENIOR  YEARS. 

General  Statement. 

A  major  consists  of  45  credit  hours  of  correlated  work,  which  is  arranged  by 
the  student  and  his  adviser. 

The  Hst  of  courses  found  under  each  major  on  subsequent  pages  should  not 
be  considered  as  necessarily  a  rigid  program  to  be  followed.  The  heads  of  de- 
partments have  suggested  this  series  of  courses  as  the  best  for  the  average  man 
majoring  in  their  departments.  Advisers  may,  however,  make  modifications 
to  suit  the  particular  needs  of  the  student,  provided  these  modifications  conform 
precisely  to  the  class  schedule  as  published  for  the  year. 


Rules  governing  Majors. 

Rule  1.  Election.  —  Each  student,  before  the  first  term  of  his  junior  year, 
shall  elect  a  major  subject  from  the  list  of  majors  given  below;  and  this  major 
shall  consist  of  45  credit  hours  of  correlated  work. 

Rule  2.  Minimum  Credits.  —  The  minimum  number  of  credits  for  gradua- 
tion shall  be  237  credit  hours,  inclusive  of  military  drill  and  physical  education. 

Rule  3.  Maximum  Credits.  —  The  maximum  number  of  credits  for  any 
term  of  the  junior  or  senior  year  shall  be  22;  the  minimum  shall  be  19. 

Rule  4.  Humanities  and  Rural  Social  Science.  —  A  minimum  of  18  credit 
hours  in  the  Divisions  of  the  Humanities  and  Rural  Social  Science  will  be  re- 
quired of  all  students  during  their  junior  and  senior  years,  with  the  following 
restriction:  that  a  minimum  of  5  credit  hours  will  be  required  in  each  of  the 
divisions. 

Rule  5.  Advisers.  —  The  work  of  each  junior  and  senior  wiU  be  under  the 
immediate  supervision  of  an  instructor  designated  as  major  adviser.  Ordi- 
narily, the  major  adviser  will  be  the  head  of  the  department  in  which  the  stu- 
dent elects  his  major.  The  adviser  has  full  authority  to  prescribe  the  student's 
work  up  to  45  hours.  He  wiU,  however,  so  far  as  practicable,  recognize  the 
individual  needs  of  the  student.  It  is  also  expected  that  students  wiU  seek 
the  counsel  of  the  adviser  with  respect  to  the  remaining  courses  required  for 
graduation. 

Rule  6.  Free  Electives.  —  Each  student  during  his  junior  and  senior  years  is 
required  to  take  45  hours  in  his  major  and  also  18  hours  in  the  Divisions  of  the 
Humanities  and  Rural  Social  Science,  making  a  total  of  63  hours  (but  see  Rule 
4) .    He  is  allowed  free  choice  of  courses  to  complete  his  required  hours. 

Rule  7.  Registration.  —  No  junior  or  senior  shall  register  until  his  major 
course  of  study  is  approved  by  his  adviser. 

(1)  Course  cards  for  recording  the  election  of  majors  will  be  issued  from 
the  registrar's  office  three  weeks  before  the  close  of  each  term. 

(2)  This  card  must  be  submitted  by  each  student  to  his  major  adviser,  who 
will  lay  out  the  course  for  the  succeeding  term  and  countersign  the  card. 

(3)  Each  course  card  must  be  filled  out,  giving  the  name  of  student,  his 
college  address,  the  name  of  parent  or  guardian,  and  the  student's  home  ad- 
dress.   When  the  major  courses  have  been  entered  on  this  card,  and  the  hours 
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of  free  elections  added  by  the  student,  the  card  must  be  returned  to  the  regis- 
trar one  week  before  the  beginning  of  the  final  examination  period. 

Rule  8.  Changes.  —  Applications  for  changes  may  be  made  to  the  dean  in 
writing  at  any  time;  when  approved  by  him  and  by  the  committee  on  scholar- 
ship, they  become  operative  at  the  beginning  of  the  term  following,  provided 
that  no  change  in  the  selection  of  a  major  may  be  made  by  any  student  after 
registration  day  of  his  senior  year. 
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Description  of  Courses 


Description  of  Coueses. 


DIVISION    OF  AGRICULTURE. 

Professor  Foohd. 

[Heavy-faced  Roman  numerals  indicate  the  term  in  which  the  course  ia  given.  Numbering 
of  courses:  1  to  24,  inclusive,  freshmen;  25  to  49,  inclusive,  sophomores;  50  to  74,  inclusive, 
juniors;  75  to  99,  inclusive,  seniors.] 

Agriculture  and  Horticulture.  Freshmen.  This  course  continuing 
through  the  year  constitutes  the  required  elementary  work  deahng  with  the 
foundations  of  the  subjects  of  hve  stock  and  the  crops  of  the  field,  orchard  and 
the  garden.  Several  departments  collaborate  in  giving  the  work;  three  credits 
each  term  are  assigned  to  this  course.    For  a  description  of  the  work  see  — 

Agronomy  1,  I. 

Animal  Husbandry  1,  II. 

Horticulture  1,  I. 

Poultry  Husbandry  1,  II.  f 

Agronomy. 

Professor  Beaumont,  Assistant  Professor  Michels,  Mr.  Thelin,  Mr.  Thayer,  Mr.  Lanphear. 

The  courses  in  agronomy  are  designed  to  present  the  fundamental  knowledge 
concerning  the  soil  and  the  principal  products  of  the  field.  The  basic  course 
in  soils  is  required  of  all  students.  The  electives  purpose  to  meet  the  needs  of 
those  specializing  in  soils  and  field  crops  and  other  speciahzed  fields  including 
both  pure  and  apphed  science. 

The  laboratories  for  soils  and  fertilizers  include  one  for  elementary  work, 
suppHed  with  locker  equipment  for  200  students,  and  one  for  advanced  work, 
accommodating  80  students.  These  laboratories  are  equipped  with  steam  and 
electric  ovens,  balances,  centrifuge,  microscopes  and  other  apparatus  necessary 
for  a  study  of  soils  and  fertihzers.  Storerooms,  stock  rooms,  and  balance 
rooms  are  conveniently  near  the  laboratories.  There  is  also  a  workoom 
attached,  equipped  with  power  machinery  for  grinding  soils,  fodders  and  the 
Uke. 

The  crops'  laboratories  include  one  for  seed  study,  with  lockers  for  50 
students,  and  a  laboratory  for  the  study  of  cereals,  forage  crops,  roots,  gtc, 
with  lockers  for  64  students.  The  equipment  of  these  laboratories  includes 
steam  ovens,  constant  temperature  electric  ovens,  ovens  for  seed  germination, 
Brown-Duval  moisture  apparatus,  balances,  microscopes,  and  collections  of 
seeds,  grasses,  tubers,  weeds,  etc.  A  balance  room,  root  cellar  and  two  store- 
rooms, one  of  which  is  mouse-proof,  are  also  used  for  crop  work. 

A  modern  steam-heated  greenhouse  25  by  35  feet,  used  for  work  in  soils  and 
crops,  is  a  valuable  part  of  the  equipment.  Near  the  greenhouse  is  a  crop 
garden  on  which  different  varieties  of  corn,  grasses,  clovers,  etc.,  are  grown  for 
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demonstration  purposes,  and  as  a  source  of  material  for  class  work.  In  addi- 
tion, the  general  college  farm  of  250  acres  is  used  for  field  study  in  soils  and 
crops,  and  as  a  source  of  material. 

Required  Courses. 
1.     I.    Agronomy.  —  Freshmen.     Given   as  part   of  the  freshman   agri- 
culture and  horticulture.     This  course  aims,  by  actual  contact  with  the  plants 
and  the  plant  products,  to  make  the  students  familiar  with  the  common  field, 
garden  and  orchard  crops  of  Massachusetts. 

Assistant  Professor  Michels  and  the  Department. 

27.     III.     Soils  and  Fertilizers.  —  Sophomores.     A  study  of  soils  and 
their  properties,  soil  management,  methods  of  soil  improvement  and  main- 
tenance of  fertility,  including  the  use  of  farm  manures,  commercial  fertilizers 
and  soil  amendments. 
4  class  hours.  1  2-hour  laboratory  period,  credit,  5. 

Professor  Beaumont  and  the  Department. 
Prerequisites,  Freshman-required  Chemistry. 

Elective  Courses. 

50.  I.  Field  and  Forage  Crops.  —  For  juniors;  seniors  may  elect. 
History,  classification  and  production  of  corn  and  of  those  grasses,  legumes, 
root  and  tuber  crops  suited  to  New  England  conditions.  Crops  of  less  im- 
portance in  New  England  are  briefly  considered.  The  work  includes  lecture, 
laboratory  and  field  study. 

3  class  hours.  2  2-hour  laboratory  periods,  credit,  5. 

Assistant  Professor  Michels  and  the  Department. 
Prerequisites,  Agronomy  27,  Botany  3. 

51.  III.  Advanced  Field  Crops.  —  For  juniors;  seniors  may  elect.  Study 
of  the  cereals  and  other  field  crops  not  taken  up  or  only  briefly  considered 
in  Course  50.  General  problems  of  crop  production  are  also  considered,  and 
the  work  is  not  entirely  confined  to  New  England  conditions.  The  laboratory 
work  includes  a  study  of  the  cereals,  the  quahty  of  seeds,  grains  and  crop 
products,  crop  problems  and  field  work  with  such  crops  as  are  available. 

2  class  hours.  1  2-hour  laboratory  period,  credit,  3. 

Assistant  Professor  Michels  and  the  Department. 
Prerequisite,  Agronomy  50. 

75.  I.  Advanced  Soils.  —  For  seniors;  juniors  may  elect.  A  field,  lecture 
and  laboratory  course  on  soils  and  their  adaptabihty  to  diff'erent  uses.  The 
field  work  consists  of  a  detailed  study  of  soil  textures,  natural  and  spontaneous 
vegetation  and  other  factors  which  indicate  the  fertility  and  adaptation  of  the 
soil;  accompanied  by  a  laboratory  study  of  the  physical  properties  of  the  soils 
sampled. 
2  class  hours.  1  4-hour  and  1  2-hour  laboratory  period,  credit,  5. 

Professor  Beaumont  and  the  Department. 
Prerequisite,  Agronomy  27.    Advised,  Geology  27. 
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77.  II.  Manures  and  Fertilizers.  —  Seniors.  An  advanced  course, 
giving  a  general  discussion  of  the  different  theories  which  have  been  held  rela- 
tive to  the  functions  and  importance  of  manures  and  fertilizers,  and  leading  up 
to  the  views  at  present  accepted.  Considerable  attention  is  devoted  to  consid- 
eration of  the  experimental  work  which  has  been  done,  and  which  is  now  in 
progress.  The  laboratory  work  consists  of  a  study  of  fertilizers,  fertilizer  mix- 
tures, limes  and  culture  work. 

3  class  hours.  2  2-hour  laboratory  periods,  credit,  5. 

Professor  Beaumont  and  the  Department. 
Prerequisite,  Agronomy  27.     Advised,  Chemistry  27. 

78.  II.  Breeding  of  Field  Crops.  —  Seniors.  Deals  with  the  improve- 
ment, by  selection  and  breeding,  of  the  crops  studied  in  Courses  50  and  51. 
2  class  hours.  1  2-hour  laboratory  period,  credit,  3. 

Assistant  Professor  Michels. 
Prerequisite,  Agronomy  51 . 

Animal  Husbandry. 

Professor  Salisbury,  Assistant  Professor  Rice,  Assistant  Professor  Glatfelter,  Mr.  Thayeh. 

It  is  the  purpose  of  this  department  to  present  comprehensive  information  on 
the  subject  of  animal  husbandry.  The  first  courses  are  studies  of  the  breeds, 
types  and  market  classes  of  live  stock.  These  are  followed  by  courses  in 
judging,  breeding  and  management. 

The  department  is  equipped  with  an  excellent  laboratory,  Grinnell  Arena, 
which  has  a  seating  capacity  of  180.  The  equipment  for  classroom  instruction 
includes  upwards  of  125  head  of  dairy  cattle  which  are  superior  representatives 
of  Jersey,  Guernsey,  Ayrshire  and  Holstein  breeds;  considerable  numbers  of 
Berkshire  and  Chester  White  pigs;  pure-bred  Percherons;  and  several  work 
teams  of  various  types.  The  department  has  a  collection  of  plaster  of  Paris 
models  of  individuals  of  foreign  and  domestic  breeds  of  horses,  cattle,  sheep 
and  swine;  and  a  set  of  over  250  lantern  sHdes  portraying  the  leading  prize- 
winning  producing  and  breeding  animals  of  the  principal  breeds  of  horses, 
cattle,  sheep  and  swine.  There  is  also  a  collection  of  the  different  foodstuffs 
available  for  the  use  of  New  England  farmers.  All  this  equipment  is  being 
added  to  from  time  to  time  as  funds  are  available. 

Required  Course. 
1.  II.  Animal  Husbandry.  —  Freshmen.  Given  as  part  of  the  fresh- 
man agriculture  and  horticulture.  Acquaints  the  student  with  the  foundations 
of  the  live-stock  industry.  In  the  lectures  the  types  and  market  classes  of 
farm  animals,  and  their  uses,  are  considered;  in  the  laboratory  period  ele- 
mentary judging  practice  familiarizes  the  student  with  animals  of  the  various 
types. 

1  class  hour.  1  2-hour  laboratory  period,  credit,  2. 

Mr.  Thayer. 
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Elective  Courses. 

25.  I.  Types  and  Breeds  of  Live  Stock.  —  Sophomores.  Covers  the 
origin,  history,  development  and  characteristics  of  the  different  breeds  of 
horses,  cattle,  sheep  and  swiae.  Textbook,  Plumb's  "Breeds  and  Types  of 
Farm  Animals." 

2  lectures.  1  2-hour  laboratory  period,  credit,  3. 

Professor  Salisbury  and  Mr.  Thayer. 

26.  II.  Types  and  Breeds  of  Live  Stock.  —  Sophomores.  Continua- 
tion of  Course  25. 

2  lectures.  1  2-hour  laboratory  period,  credit,  3. 

Professor  Salisbury  and  Mr.  Thayer. 

60.  I.  Feeds  and  Feeding.  —  For  juniors.  A  study  of  the  principles- 
of  animal  nutrition;  of  the  composition  and  qualities  of  feeding  materials. 
Textbook,  Henry's  "Feeds  and  Feeding." 

3  class  hours.  Credit,  3. 

Assistant  Professor  Rice. 
Prerequisite,  Chemistry  30  or  6. 

51.  11.  Feeds  and  Feeding.  —  For  juniors.  A  study  of  feeding  prac- 
tice as  related  to  all  farm  animals.  Considerable  work  will  be  given  in  the 
formulating  of  rations. 

3  class  hours.  Credit,  3. 

Assistant  Professor  Rice. 
Prerequisite,  Animal  Husbandry  50. 

52.  III.  Advanced  Stock  Judging.  —  For  juniors;  seniors  may  elect. 
Designed  to  equip  students  in  the  judging  of  classes  of  different  types  of  live 
stock;  to  strengthen  them  in  the  selection  of  superior  sires;  and  equip  them 
for  stock  judging  at  fairs.  Visits  are  made  to  the  best  herds  for  the  various^ 
breeds  of  stock  in  the  State.  Judging  teams  to  represent  the  coUege  will  be 
selected  from  this  class. 

1  2-hour  and  1  4-hour  laboratory  period,  credit,  3. 
Professor  Salisbury. 
Prerequisite,  Animal  Husbandry  25  and  26. 

53.  III.  Principles  of  Breeding.  —  For  juniors;  seniors  may  elect. 
Designed  to  familiarize  students  with  the  problems  that  are  involved  in  animal 
improvement;  to  acquaint  them  with  the  facts  which  are  already  estabUshed; 
to  scrutinize  prevaihng  theories;  and  to  indicate  the  Unes  and  methods  of 
further  work.  Some  of  the  subjects  studied  are:  variations,  their  causes  and 
heritability;  DeVrie's  theory  of  mutations;  the  inheritance  of  acquired 
characters;  the  pure  line;  Mendelian  law;  the  making  of  new  types;  the 
determination  of  sex;  apphcations  to  human  heredity.  A  few  periods  at  the 
end  of  the  course  are  devoted  especially  to  the  apphcation  of  principles  in  live- 
stock improvement.     Supplementary  reading. 

3  class  hours.  ,  Credit,  3.. 

Assistant  Professor  Rice. 
Prerequisite,  Zoology  25. 
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75.  I.  Live-Stock  Management.  —  For  seniors.  Consists  of  laboratory 
work  by  the  individual  students  in  the  handling  of  live  stock;  with  horses, 
such  work  as  halter  breaking,  harnessing,  casting  and  fitting  for  show  will 
be  done;  similarly,  the  practical  handling  of  cattle,  sheep  and  swine  will  be 
fulty  treated.  Special  study  is  given  to  halter  making,  splicing,  hitches,  knots 
and  all  rope  work. 
2  lectures.  1  2-hour  laboratory  period,  credit,  3. 

Professor  Salisbury. 
Prerequisites,  Animal  Husbandry  50  and  51. 

78.  II.  Herd  AND  Stud-book  Study.  —  For  seniors;  juniors  may  elect. 
An  advanced  study  of  the  breeds  of  live  stock,  famiharizing  the  students  with 
the  detailed  history  of  the  breed,  the  most  productive  sires  and  dams  of  the 
various  breeds,  and  the  successful  hnes  and  methods  of  breeding. 

1  class  hour.  2  2-hour  laboratory  periods,  credit,  3. 

Professor  Salisbury. 
Prerequisite,  Animal  Husbandry  53. 

79.  III.  Dairy,  Cattle  and  Milk  Production.  —  A  study  of  the  leading 
breeds  of  dairy  cattle,  the  most  successful  breeders  and  famous  breeding 
animals,  advanced  registry  testing  and  feeding  for  production,  sales  methods 
and  advertising. 

2  lectures.  1  2-hour  laboratory  period,  credit,  3. 

Professor  Salisbury. 
Prerequisites,  Animal  Husbandry  51,  52,  53  and  78. 

81.  II.  Dairy  and  Animal  Husbandry.  —  Seminar  for  seniors  majoring 
in  dairying  and  animal  husbandry. 

1  class  hour.  Credit,  1. 

Departments  of  Dairying  and  Animal  Husbandry. 

82.  III.     A  continuation  of  Course  81. 

1  class  hour.  Credit,  1. 

Departments  of  Dairying  and  Animal  Husbandry. 

Dairying. 

Professor  Lockwood,  Professor  Judkins,  Assistant  Professor  Yaxis,  Mr.  Pendleton,   Mr. 

Smith. 

The  dairy  manufactures  building  is  new,  well  Ughted  and  of  sanitary  con- 
struction. It  is  designed  and  equipped  especially  for  teaching  dairy  manu- 
factures. The  equipment  includes  all  kinds  of  machinery  that  are  considered 
essential  to  the  proper  handling  of  milk  and  the  making  of  cream,  butter,  ice 
cream  and  soft  cheeses. 

Course  77  is  for  students  who  desire  a  general  idea  of  dairy  work  and  manu- 
facturing processes.  Part  of  the  courses  are  arranged  to  give  instruction  in 
general  dairy  work  as  associated  with  Massachusetts  agriculture;  part  are 
arranged  to  give  to  a  smaller  group  of  students  more  complete  work  in  dairy 
manufactures. 
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Elective  Courses. 

50.  I.  Milk  and  Milk  Composition.  —  For  juniors;  seniors  may  elect. 
The  development  of  the  dairy  business  in  the  United  States;  the  composition, 
secretion  and  general  characteristics  of  milk;  contamination  and  fermenta- 
tion; the  study  of  analysis  of  milk  products  by  use  of  the  Babcock  test  for 
fat,  tests  for  acidity  and  adulteration,  and  ordinary  preservatives;  moisture 
tests  for  butter;  methods  for  testing  herds  and  developing  them  to  higher 
efficiency;  problems. 

3  class  hours.  2  2-hour  laboratory  periods,  credit,  5. 

Professors  Judkins  and  Yaxis. 

51.  III.  Butter  Making.  —  For  juniors;  seniors  may  elect.  A  study  of 
separators  and  cream  separation;  handling  milk  and  cream  for  butter  making; 
preparation  of  starters,  and  ripening  cream;  churning;  markets  and  their 
requirements;  marketing,  scoring  and  judging  butter;  management;  dairy 
machinery  and  care  thereof;  problems. 

2  class  hours.  2  3-hour  laboratory  periods,  credit,  5. 

Assistant  Professor  Yaxis. 
Prerequisite,  Dairying  50. 

52.  III.     Judging  Dairy  Products.  —  For  juniors. 

1  2-hour  laboratory  period,  credit,  1. 
Professor  Judkins. 

75.  II.  Market  Milk.  —  For  seniors;  juniors  may  elect.  A  study  of 
market-milk  conditions;  extent  and  development  of  the  business;  supply  and 
delivery;  food  value  of  millv  and  its  uses  as  food;  milk  and  its  relation  to  the 
public  health;  proper  methods  for  handhng  milk  and  cream  for  direct  con- 
sumption; certified  milk,  requirements  and  production;  pasteurizing;  sterihz- 
ing;  standardizing  and  modifying;  milk  laws  and  inspection. 

3  class  hours.  2  2-hour  laboratory  periods,  credit,  5. 

Professor  Judkins.     I 
Prerequisites,  Dairying  50,  Microbiology  50.  / 

76.  III.  Milk  Products.  —  For  seniors;  juniors  may  elect.  The  manu- 
facture of  milk  products  other  than  butter,  including  cheddar  cheese,  soft  and 
fancy  cheese,  ice  cream,  condensed  milk,  casein,  milk  powder,  etc.  Labora- 
tories, largely  the  making  of  soft  and  fancy  cheese  and  ice  cream. 

2  class  hours.  2  3-hour  laboratory  periods,  credit,  5. 

Mr.  Pendleton. 
Prerequisite,  Dairying  75. 

77.  I.  Dairying.  —  For  seniors;  juniors  may  elect.  A  general  course 
primarily  for  those  who  wish  to  take  only  one  course  in  dairying.  The  work 
covers  briefly  the  composition  and  secretion  of  milk,  the  Babcock  fat  test, 
the  relation  of  bacteria  to  dairy  work  and  principles  of  creaming;  separators; 
elementary  butter  making;  proper  methods  of  handUng  milk  and  cream;  and 
the  relation  of  market  milk  to  the  pubHc  health. 

3  lecture  hours.  2  2-hour  laboratory  periods,  credit,  5. 

Assistant  Professor  Yaxis. 
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Farm  Management. 

Professor  Foohd,  Assistant  Professor  Abell. 

The  purpose  of  the  courses  in  this  department  is  to  present  various  con- 
siderations of  farming  as  a  business.  This  involves  a  knowledge  of  the  cost 
of  production  and  the  profit  from  the  different  enterprises  such  as  dairy, 
poultry  or  orchard;  a  study  of  the  enterprises,  and  the  relative  amounts  of 
each  that  will  give  the  best  use  of  labor  and  equipment  on  the  farm  under 
consideration. 

The  college  farm  of  250  acres  is  under  the  general  supervision  of  the  De- 
partment of  Farm  Management,  and  furnishes  demonstration  material.  It 
includes  improved  land,  pasture  land  and  a  farm  wood  lot.  The  improved 
land  illustrates  the  value  of  good  culture  and  the  best  known  methods  for  the 
maintenance  of  fertility.  The  farm  is  equipped  with  suitable  buildings  and 
good  machinery  for  the  work  carried  on,  of  which  the  production  of  certified 
milk  is  an  important  branch.  Several  good  farms  in  the  vicinity,  illustrating 
types  of  both  special  and  general  agriculture,  may  be  inspected  and  studied. 
The  offices  of  the  department  are  in  Stockbridge  Hall. 

75.  I.  Farm  Accounts  and  Cost  Accounting.  —  For  seniors;  juniors 
may  elect.  A  study  of  farm  inventories,  single-enterprise  accounts,  complete 
farm  accounts  and  farm  records.  Special  emphasis  is  given  to  the  interpre- 
tation of  results  and  their  application  in  the  organization  and  management  of 
the  farm. 

1  class  hour.  2  2-hour  laboratory  periods,  credit,  3. 

Professors  Foord  and  Abell. 

76.  I.  Farm  Management.  —  For  seniors;  juniors  may  elect.  A  study 
of  farming  as  a  business;  regions  and  types  of  farming;  the  general  principles 
of  farm  management  and  the  influence  of  size,  production,  live  stock  and 
crop  farming  on  the  farmer's  labor  income;  arrangement  of  fields  and  build- 
ings; use  of  land,  capital  and  labor;   choosing  and  buying  a  farm. 

2  class  hours.  1  2-hour  laboratory  period,  credit,  3. 

Assistant  Professor  Abell. 
Prerequisites,  Agronomy  50,  Animal  Husbandry  25  and  26,  and  some  farm 
experience. 

77.  III.  Farm  Management.  —  For  seniors;  juniors  may  elect.  A 
further  and  more  specific  study  of  the  principles  and  practices  as  outlined  in 
Course  76,  with  reference  to  their  application  to  different  regions  of  the 
United  States  and  especially  to  New  England.  Trips  to  successful  farms 
are  a  required  part  of  the  course. 

1  class  hour.  2  2-hour  laboratory  periods,  credit,  3. 

Professors  Foord  and  Abell. 
Prerequisites,  Farm  Management  75  and  76. 

78.  II.  Seminar.  —  For  seniors  majoring  in  general  agriculture;  others 
by  arrangement. 

1  class  hour.  Credit,  1. 

The  Department. 
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79.  III.  Seminar.  —  For  seniors  majoring  in  general  agriculture;  others 
by  arrangement. 

1  class  hour.  Credit,  1. 

The  Department. 

Poultry  Husbandry. 

Professor  Graham,  Professor  Sanctuary,  Dr.  Goodalb,  Assistant  Professor  Banta,  Mr.  Ryan, 

The  introductory  courses  (1,  50,  51,  52,  53,  54)  give  a  knowledge  of  the 
general  routine  of  elementary  poultry  keeping.  The  advanced  studies  pre- 
pare men  for  the  successful  operation  of  poultrj-  plants,  either  as  owners  or 
managers.  Graduate  work,  preparation  for  further  teaching,  extension  or 
investigation. 

The  poultry  plant  consists  of  8  acres  of  land  sloping  gently  to  the  west. 
The  buildings  consist  of  three  incubator  cellars  equipped  with  a  number  of 
lamp  incubators  and  two  mammoth  machines  with  a  total  capacity  of  9,000 
eggs;  a  pipe  brooder  house  (open  pipe  system)  and  40  colony  brooder  houses 
which  give  a  brooding  capacity  for  7,000  chicks,  the  equipment  for  these  houses 
including  a  large  variety  of  coal-stove  brooders  and  kerosene  hovers;  a  long 
laying  house  14  by  180  feet,  which  accommodates  500  layers,  furnishing  facili- 
ties for  student  work  in  pen  management,  utihty  and  fancy  judging,  etc.; 
and  a  laboratory  14  by  80,  for  kiUing,  picking,  drawing,  trussing,  packing, 
crate  fattening  and  cramming.  The  fattening  equipment  consists  of  a  modern 
sanitary  ail-steel  battery  with  16  compartments  and  10  wooden  crates,  ac- 
commodating, altogether,  350  birds.  There  are  also  a  storage  building,  28 
by  64  feet,  for  root  cellar,  poultry  carpentry,  poultry  mechanics,  feed  room 
and  storage;  an  experimental  breeding  house,  18  by  60;  a  combination  laying, 
testing  and  breeding  house,  18  by  72,  for  experimental  purposes;  a  model 
laying  house,  18  by  30,  for  100  hens,  and  a  house  20  by  40,  for  200  hens.  The 
six  old  experiment-station  houses,  each  12  by  18  feet,  are  used  as  special  mating 
and  overflow  pens.  The  total  capacity  for  laymg  hens  is  1,600.  A  manure 
shed  14  by  18  feet;  an  oil  and  tool  house  10  by  12;  an  incinerator  10  by  10; 
and  two  backyard  model  poultry  houses  8  by  10  and  8  by  8  give  a  total  of  76 
buildings,  not  including  a  pheasant  run,  16  roosting  sheds  10  by  10,  and 
numerous  small  coops  for  natiu-al  incubation  and  brooding. 

Required  Course. 
1.  I.  Poultry  Husbandry.  —  Given  as  part  of  the  freshman  agri- 
culture and  horticulture.  Famiharizes  the  students  with  the  fundamental 
principles  of  poultry  husbandry,  —  breeds  and  varieties  of  poultry,  types  of 
houses,  feeds  and  feeding,  management,  marketing  and  the  principles  of 
incubation  and  brooding. 

1  2-hour  period,  credit,  1. 
Mr.  Ryan. 
Elective  Courses. 
50.     I.     Elements  op  Poultry  Culture.  —  For  juniors;    seniors  may 
elect.     A  comprehensive  study  of  opportunities  in  poultry  culture,  poultry- 
house  construction,  poultry-house  equipment,  feeds  and  feeding,  winter-egg 
production,  types  and  breeds  of  poultry. 

3  class  hours.  Credit,  3. 

Professors  Graham,  Sanctuary  and  Banta. 
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51.  I.  Poultry  Practice  Work.  —  For  juniors;  seniors  may  elect. 
A  practical  laboratory  course  providing  a  study  of  external  parasites,  insec- 
ticides, poultry  carpentry,  caponizing,  killing  and  picking;  dressing  and  pack- 
ing poultry. 

2  2-hour  laboratory  periods,  credit,  2. 
Professor  Sanctuary. 
Prerequisite,  must  be  accompanied  by  Poultry  50. 


52.  II.  Elements  of  Poultry  Culture.  —  For  juniors;  seniors  may 
elect.  Treats  the  subjects  of  incubation,  brooding,  care  of  growing  stock, 
breeding  for  egg-production,  diseases  of  poultry. 

3  class  hours.  ■  Credit,  3. 

Professors  Sanctuary  and  Banta. 
Prerequisite,  Poultry  50. 

53.  III.  Incubation  and  Brooding.  —  For  juniors;  seniors  may  elect. 
Students  are  required  to  set  up  and  operate  incubators  and  brooders,  make  a 
systematic  study  of  the  development  of  the  chick  in  the  egg  and  the  care  of 
sitting  hens.    Laboratory  time  by  arrangement. 

1  class  hour.  4  2-hour  laboratory  periods,  credit,  5. 

Professor  Sanctuary. 
Prerequisite,  Poultry  52. 

54.  III.  Pen  Management.  —  For  juniors;  seniors  may  elect.  A 
practical  laboratory  course.  Students  are  required  to  care  for  a  pen  of  fowls, 
and  keep  accurate  records  of  eggs  produced,  food  consumed,  weather  condi- 
tions, health  of  fowls  and  profit  and  loss. 

1  2-hour  laboratory  period,  credit,  1. 
Mr.  Ryan. 
Prerequisite,  Poultry  50. 

55.  I,  II  and  III.  Investigational  Work.  —  Seniors.  Designed  es- 
pecially for  students  who  are  planning  to  do  experiment  station  work.  Students 
are  assigned  specific  problems  to  work  out  experimentally,  or  they  may  be 
required  to  assist  in  carrying  on  such  work. 

1  to  5  2-hour  laboratory  periods,  credits,  1  to  5. 

Dr.  GOODALE. 


75.  II.  Poultry  Management.  —  Seniors.  A  detailed  study  of  large 
poultry  farms  and  their  equipment,  such  as  bone  cutters,  feed  cutters,  cram- 
ming machines,  etc.;  the  laying  out  and  planning  of  poultry  buildings  of  all 
kinds;  mating  of  fowls.  Attention  to  poultry  diseases  and  investigation  work 
carried  on  by  experiment  station  is  prominent.  Good  poultry  plants  are  visited 
by  the  class  for  practical  demonstrations. 
5  class  hours.  Credit,  5. 

Professor  Graham. 
Prerequisites,  Poultry  53,  54,  76  and  77. 
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76.  I.  Advanced  Poultry  Judging.  —  Seniors.  A  study  of  the  origin 
and  history  of  breeds  and  varieties,  poultry  organizations  and  poultry  shows. 
The  laboratory  work  covers  score  card  and  comparative  judging  of  exhibition 
and  utility  poultry;  conditioning  show  birds,  and  applying  the  latest  methods 
of  selecting  high  and  low  producing  hens.  The  best  Connecticut  VaUey  poultry 
shows  are  visited  by  the  class.  The  American  Standard  of  Perfection  is  used 
as  a  text. 

2  class  hours.  3  2-hour  laboratory  periods,  credit,  5. 

Assistant  Professor  Banta. 
Prerequisite,  Poultry  53. 

77.  I.  Market  Poultry  and  Poultry  Products.  —  Seniors.  The 
study  of  market  classifications  of  poultry,  eggs  and  feathers,  the  requirements 
of  different  markets,  methods  of  marketing,  advantages  and  disadvantages  of 
cold  storage  of  poultry  and  eggs.  Students  are  required  to  fatten  several  lots 
of  chickens  by  different  methods  and  rations.  Accurate  data  must  be  kept 
showing  the  gain  in  weight  and  quahty,  also  the  cost  of  feed,  labor,  etc.,  and 
the  profit  and  loss.  Preserving  eggs,  judging  and  scoring  of  market  poultry, 
both  ahve  and  dressed,  and  market  eggs  is  an  important  feature  of  this  course. 
2  class  hours.  3  2-hour  laboratory  periods,  credit,  5. 

Mr.  Ryan 
Prerequisites,  Poultry  50,  51  and  52. 


78.  III.  Farm  Poultry,  —  Seniors;  juniors  may  elect.  For  those  stu- 
dents who  desire  a  general  knowledge  of  poultry  husbandry,  but  who  cannot 
devote  more  than  one  term  to  the  subject.  It  is  not  intended  for  students 
speciahzing  in  poultry,  and  such  students  are  admitted  only  by  special  per- 
mission. Emphasis  is  placed  on  the  farm  flock  and  its  economic  management. 
Utility  classification,  housing,  culling,  feeding,  hatching,  rearing,  production, 
marketing  and  disease  control  receive  special  consideration. 
3  class  hours.  2  2-hour  laboratory  periods,  credit,  5. 

The  Department. 

Rural  Engineering. 

Professor  Gunness,  Assistant  Professor  Strahan,  Mr.  Pushee,  Mr.  Newlon. 

The  courses  in  rural  engineering  are  planned  to  give  a  working  knowledge 
of  those  phases  of  engineering  which  apply  directly  to  the  farm.  It  is  ex- 
pected that  the  student  will  acquire  a  clear  understanding  of  modern  farm 
practice  as  it  relates  to  permanent  improvements  of  the  farm  and  the  farm- 
stead, and  in  the  selection  and  use  of  farm  equipment. 

This  department  has  an  office  and  the  use  of  a  lecture  room  in  Stockbridge 
Hall.  The  work  on  farm  structures  is  given  in  the  large  drawing  room  in  the 
same  building.  This  room  is  fitted  with  thirty  drawing  tables.  Models  and 
blue  prints  are  available  for  the  study  of  farm  buildings.  A  set  of  post  molds 
and  a  machine  for  making  cement  tile  afford  opportunity  for  practical  work 
with  cement. 

The  rural  engineering  shop  is  a  one-story  structure  68  by  128  feet.  The 
carpenter  shop  in  this  building  is  fitted  with  benches  fully  equipped  with 
tools  for  each  student.     The  general  repair  shop  is  equipped  with  forges. 
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benches,  a  drill  press  and  grinders.  The  laboratory  for  farm  machinery  and 
farm  motors  is  equipped  with  a  complete  Une  of  field  machines,  gasbhne  engines, 
tractors  and  pumps.  A  complete  assortment  of  engine  accessories,  consisting 
of  carburetors,  magnetos,  etc.,  is  available  for  thorough  instruction  in  gas 
engines.  A  small  dynamo  and  switchboard  are  used  in  the  study  of  farm- 
lighting  systems.  The  work  on  the  small  field  machines  is  given  in  the  base- 
ment of  Stockbridge  Hall,  and  the  work  on  steam  engines  and  steam  heating  is 
given  in  Flint  Laboratory. 

Elective  Courses. 

25.  I  and  III.  Carpentry.  —  For  sophomores;  juniors  and  seniors 
may  elect.  Practice  in  the  use  of  tools  by  exercises  in  bench  work,  repair  of 
farm  equipment  and  farm  building  construction. 

2  2-hour  laboratory  periods,  credit,  2. 

Mr.    PUSHEE. 

26.  II.  Repair  of  Farm  Equipment.  • —  For  sophomores;  juniors  and 
seniors  may  elect.  Exercises  in  forge  work,  pipe  fitting,  soldering,  babbitting 
and  fitting  bearings,  hning  up  shafting,  lacing  belts  and  sphcing  rope.  Practice 
in  the  use  of  machinist's  tools,  such  as  file,  cold  chisel,  drill  press,  taps  and  dies. 

2  2-hour  laboratory  periods,  credit,  2. 
Mr.  Newlon. 

52.  III.  Farm  Engineering.  • — ■  A  general  course  dealing  with  field 
implements,  gas  engines,  water  supply,  lighting,  sewage  disposal,  farm  build- 
ings, drainage  and  irrigation. 

2  class  hours.  3  2-hour  laboratory  periods,  credit,  5. 

The  Departjient. 

75.  I.  Farm  Structures.  —  For  seniors;  juniors  may  elect.  Study  of 
the  strength  and  durability  of  building  materials;  water  supply;  lighting  and 
heating  systems  for  the  farm;  lightning  protection;  drawing  plans,  writing 
specifications  and  estimating  the  cost  of  buildings;  concrete  construction  as 
apphed  to  foundations,  silos,  tanks,  posts,  floors  and  walks. 

3  class  hours.  2  2-hour  laboratory  periods,  credit,  5. 

Assistant  Professor  Strahan. 

78.  II  and  III.  Farm  Machinery.  —  For  seniors;  juniors  may  elect. 
Study  of  the  care  and  operation  of  tillage,  seeding,  harvesting,  pumping  and 
spraying  machinery;  steam  and  gas  engines  and  gas  tractors.  Special  attention 
is  given  to  the  use  of  power  on  the  small  farm. 

2  class  hours.  3  2-hour  laboratory  periods,  credit,  5. 

Professor  Gunness. 

79.  III.  Drainage  and  Irrigation  Engineering.  —  For  seniors;  jun- 
iors may  elect.  Covers  the  engineering  phase  of  drainage  and  irrigation.  The 
various  systems  are  studied,  and  practice  is  given  in  the  design  of  drainage 
and  irrigation  systems.     Field  work  gives  practice  in  surveying  for  drains, 
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platting,  locating  drains,  erecting  batterboards  and  laying  tile.  Practice  is 
given  in  assembling  equipment  for  spray  irrigation,  and  the  flow  of  water 
through  nozzles  is  studied  by  means  of  laboratory  tests. 

2  class  hours.  3  2-hour  laboratory  periods,  credit,  5. 

Assistant  Professor  Stkahan. 

80.  II.  Farm  Building  Design.  —  For  seniors;  juniors  may  elect. 
Students  are  expected  to  bring  to  this  course  a  specific  design  problem  which 
will  be  completed  in  all  its  details  through  the  making  of  blue  prints  and  es- 
timating a  detailed  bill  of  materials. 

2  drafting  periods  per  week  by  arrangement.  Credit,  2. 

Assistant  Professor  Strahan. 
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DIVISION   OF  HORTICULTURE. 

Professor  Waugh. 

[Heavy-faced  Roman  numerals  indicate  the  term  in  wiiich  the  course  is  given.  Numbering 
of  courses:  1  to  24,  inclusive,  freshmen;  25  to  49,  inclusive,  sophomores;  60  to  74,  inclusive,' 
juniors;  75  to  99,  inclusive,  seniors.] 

Floriculture. 

Professor  Thayer. 

The  courses  in  floriculture  are  intended  to  present  a  general  knowledge  of 
all  phases  of  greenhouse  design,  construction,  heating  and  management, 
the  culture  of  florists'  crops  (under  glass  and  in  the  field),  floral  decoration 
and  arrangement.  The  department  aims  to  train  students  so  that  they  may 
take  up  commercial  floriculture  (either  in  the  growing  or  retail  business) 
and  the  management  of  conservatories  on  private  estates,  in  parks  and 
cemeteries. 

The  department  is  especially  well  equipped  for  the  teaching  work,  probably 
being  surpassed  in  no  other  agricultural  college.  French  Hall,  with  its  labo- 
ratories, classrooms  and  offices,  furnishes  excellent  facihties  for  the  purposes 
of  instruction.  The  glass  area  of  the  department  consists  of  approximately 
20,000  square  feet,  divided  as  follows:  French  Hall  range  of  7,200  square 
feet,  a  durable,  practical,  commercial  range  composed  of  pahn  and  fern, 
violet,  carnation,  rose  and  students'  houses;  the  old  Durfee  range  of  7,400 
square  feet,  devoted  to  the  growing  of  decorative,  conservatory  and  bedding 
plants  and  chrysanthemums;  one  house  of  3,200  square  feet,  suitable  for 
propagating  work  and  general  plant  culture;  and  approximately  2,200  square 
feet  in  cold  frames  and  hotbeds. 

In  addition,  the  department  has  2  acres  of  land  used  for  the  summer  culture 
of  carnations,  violets,  gladioli,  dahlias,  sweet  peas,  bedding  plants,  etc.  This 
also  includes  a  small  garden  of  about  4,700  square  feet  devoted  to  the  culture 
of  annuals.  A  large  collection  of  biennials  and  herbaceous  perennials  is 
maintained  and  is  being  enlarged  from  year  to  year;  at  the  present  time  the 
collection  consists  of  several  hundred  species  and  varieties,  and  provides  an 
excellent  opportunity  for  the  study  of  garden  flowers. 

Elective  Courses. 
50.  I.  Greenhouse  Management.  —  For  juniors;  seniors  may  elect. 
Designed  to  famiharize  students  with  the  methods  followed  in  the  management 
of  greenhouse  crops;  students  are  instructed  in  the  practical  operations  of 
watering,  potting,  fumigating,  ventilating  and  in  the  methods  of  propagation 
of  plants.  In  addition  the  use  of  cut  flowers  and  plants  in  decorative  work, 
arrangement  of  flowers  in  baskets,  designs,  vases,  table  and  home  decorations 
are  considered.  Students  are  expected  to  arrange  their  hours  according  to 
the  needs  of  the  work. 
2  class  hours.  1  4-hour  laboratory  period,  credit,  4. 

Professor  Thayer. 
Prerequisite,  Horticulture  27. 
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51.  II.  Geeenhouse  Management.  —  For  juniors;  seniors  may  elect 
Continuation  of  Course  50. 

2  class  hours.  1  4-hour  laboratory  period,  credit,  4. 

Professor  Thayer. 
Prerequisite,  Floriculture  50. 

52.  III.  Greenhouse  Management.  —  For  juniors;  seniors  may  elect. 
A  continuation  of  Courses  50  and  51. 

2  class  hours.  2  2-hour  laboratory  periods,  credit,  4. 

Professor  Thayer. 
Prerequisite,  Floriculture  51. 

53.  I.  Greenhouse  Construction.  —  For  juniors;  seniors  may  elect. 
The  location,  arrangement,  construction,  cost,  heating  and  ventilating  of 
greenhouse  structures;  also  the  drawing  of  plans  and  drafting  of  specifications 
for  commercial  houses  and  private  ranges.  Such  practical  work  as  glazing, 
the  construction  of  concrete  benches  and  cold  frames  is  included  iu  this  coiuse. 
2  class  hours.  1  2-hour  laboratory  period,  credit,  3. 

Professor  Thayer. 
Prerequisite,  should  be  taken  with  Floriculture  50. 

I 

54.  II.  Greenhouse  Construction.  —  For  juniors;  seniors  may  elect. 
A  continuation  of  Course  53. 

2  class  hours.  1  2-hour  laboratory  period,  credit,  3. 

Professor  Thayer. 
Prerequisite,  Floriculture  53. 

75.  I.  Commercial  Floriculture,  -s-  Seniors.  A  detailed  study  of  the 
methods  of  propagation,  culture  and  marketing  of  the  important  commercial 
crops,  includiQg  both  cut  flowers  and  plants.  The  lectures  are  supplemented 
with  textbooks  and  assigned  reading. 

2  class  hours.  1  2-hour  laboratory  period,  credit,  3. 

Professor  Thayer. 
Prerequisite,  Floriculture  52.  jl 


76.     II.     Commercial  Floriculture.  —  Seniors.    As  stated  under  Course 
75. 
2  class  hours.  1  2-hour  laboratory  period,  credit,  3. 

Professor  Thayer. 
Prerequisite,  Floriculture  75. 

'I 

79.     III.     Commercial     Floriculture.  —  Seniors.       As     stated    under 
Course  75. 
2  class  hours.  1  2-hour  laboratory  period,  credit,  3. 

Professor  Thayer. 
Prerequisites,  Floriculture  76. 
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77.  II.  Conservatory  Plants.  —  Seniors.  A  study  of  the  tropical  and 
subtropical  foliage  and  flowering  plants  used  in  conservatory  work;  methods 
of  propagation,  culture,  use  and  arrangement.  The  lectures  are  supplemented 
with  assigned  readings. 

2  class  hours.  1  2-hour  laboratory  period,  credit,  3. 

Professor  Thayer. 
Prerequisite,  Floriculture  75. 

78.  III.  Garden  Flowers  and  Bedding  Plants.  —  Juniors  and  seniors. 
FamiUarizes  the  student  with  those  annuals,  herbaceous  perennials,  bulbs 
and  bedding  plants  that  are  valuable  for  use  in  floricultural  or  landscape 
gardening  work.  Methods  of  propagation,  culture  and  uses  of  the  various 
plants  are  considered.  The  lectures  are  supplemented  with  assigned  readings. 
2  class  hours.  _     1  2-hour  laboratory  period,  credit,  3. 

Professor  Thayer. 


80.  III.  Seminar.  —  For  seniors  majoring  in  floriculture  only.  Ad- 
vanced study  of  subjects  pertaining  to  commercial  floriculture  or  private 
garden  work.  All  students  electing  this  work  are  assigned  a  specific  problem, 
and  pursue  study  in  these  problems  by  reading  and  research.  No  regular 
lectures  are  given,  but  seminars  are  conducted  each  week.  A  satisfactory 
report  of  the  results  must  be  presented. 

2  to  6  laboratory  hours.  Not  to  exceed  3  credits. 

Professor  Thayer. 

Forestry. 

Professor  Ghose. 

The  forestry  major  is  designed  to  give  a  grounding  in  the  branches  of  natural 
science  upon  which  forest  development  is  based.  It  continues,  further,  to  give 
a  knowledge  of  such  practical  forestry  details  as  the  distinguishing  character- 
istics of  the  various  species  of  trees  and  commercial  lumber,  the  principles  of 
silviculture,  forest  management,  forest  utilization,  and  forest  nursery  practice. 

The  department  has  an  unusually  complete  equipment  of  the  various  in- 
struments used  in  forest  mensuration,  forest  mapping  and  engineering,  timber 
estimating,  log  scaling,  board  measuring,  etc.;  and  a  large  assortment  of 
boards  illustrative  of  the  various  commercial  woods  found  in  the  lumber  mar- 
kets. The  State  Forest  Nursery,  comprising  6  acres  of  land  and  containing, 
approximately,  5,000,000  trees,  transplants  and  seedlings,  is  on  the  college 
farm.  Forests  containing  every  variety  of  tree  common  to  New  England  are 
within  walking  distance  of  the  college.  The  college  campus  affords  an  arbore- 
tum containing  a  large  number  of  trees  not  native  to  New  England.  The 
Mount  Toby  Demonstration  Forest  has  an  area  of  approximately  750  acres, 
and  contains  the  various  types  of  forest  growth  found  throughout  the  State. 
It  serves  as  a  field  laboratory  in  which  students  have  the  privilege  of  working 
out  problems  in  silviculture,  forest  mensuration  and  management.  Improve- 
ment cuttings,  cuttings  for  utiHzation,  and  forest  plantings  are  conducted  by 
the  department. 
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Elective  Courses. 

50.  I.  Dendrology.  —  For  juniors;  seniors  may  elect.  During  the  first 
part  of  the  term  frequent  field  trips  are  made  to  identify  and  study  the  habits 
of  our  native  forest  trees.  Later,  the  classification,  range,  distribution,  forest 
habits,  quality,  uses  and  identification  of  wood  of  the  commercial  timber  trees 
of  the  United  States  is  studied.  Lectures,  recitations,  laboratories  or  field 
work  at  option  of  instructor. 

3  2-hour  laboratory  periods,  credit,  3. 
Professor  Geose. 

51.  II.  Wood  Technology.  —  For  juniors;  seniors  may  elect.  A  study 
of  the  commercial  woods  found  in  the  lumber  markets,  methods  of  identifica- 
tion, uses,  strength  values,  technical  qualities,  decay  and  methods  of  preserva- 
tion. 

1  class  hour.  2  2-hour  laboratory  periods,  credit,  3. 

Professor  Grose. 

52.  III.  Principles  of  Forestry.  —  For  juniors;  seniors  may  elect. 
A  lecture  course  for  the  purpose  of  giving  a  general  view  of  the  whole  field  of 
forestry  and  what  forestry  attempts  to  accomphsh  and  has  accomphshed. 
Not  required  of  students  who  propose  to  major  in  forestry. 

2  class  hours.  Credit,  2. 

Professor  Grose. 

53.  III.  Silviculture.  —  For  juniors;  seniors  may  elect.  Factors  in- 
fluencing forest  growth;  forest  types;  silvicultural  systems;  care  and 
protection  of  forests;  forest  description;  forest  nursery  practice  and  forest 
planting. 

1  class  hour.  1  4-hour  laboratory  period,  credit,  3. 

Professor  Grose. 
Prerequisite,  Forestry  50. 

54.  IV.  Arboriculture.  —  For  juniors;  seniors  may  elect.  Deals  with 
problems  of  shade  tree  propagation,  protection  and  repair;  the  choice  and 
grouping  of  species;   shade  tree  laws.    Assigned  readings. 

120  hours'  field  work,  credit,  5. 
Professor  Grose. 

75.  I.  Forest  Mensuration.  —  For  seniors;  Juniors  may  elect.  Meth- 
ods of  determining  the  volume  of  trees,  logs  and  entire  forests.  Methods  of 
computing  volume  tables,  tree  and  forest  growth  and  yield  tables.  Timber 
estimating. 

3  class  hours.  72  hours'  field  work,  credit,  5. 

Professor  Grose. 

78.  III.  Seminar  —  Report.  —  Seniors.  This  may  involve  research, 
laboratory  or  field  work  in  the  investigation  of  some  subject,  together  with  a 
review  of  the  literature  relating  to  it  and  an  original  written  report  evidencing 
the  results.    Subject  to  be  chosen  in  conference  with  Professor  Grose. 

6  laboratory  hours,  credit,  3. 
Professor  Grose. 
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Horticultural  Manufactures. 

Professor  Chenoweth,  Mr.  Robertson. 

The  courses  aim  to  give  a  practical  knowledge  of  the  problems  connected 
with  food  preservation.  Emphasis  is  placed  upon  the  conservation  of  the 
cheaper  grades  of  fruits  and  vegetables,  to  the  end  that  the  whole  crop  may  be 
marketed  at  a  profit  and  that  wholesome  food  products  may  result  from  what 
would  otherwise  be  lost.  The  social  and  economic  values  of  this  work  are 
constantly  emphasized. 

The  department  occupies  three  laboratory  rooms  in  FUnt  Laboratory,  two 
in  Fisher  Laboratory,  with  offices  in  Wilder  Hall  and  French  Hall.  The 
general  equipment  of  the  department,  both  for  the  use  of  students  and  for 
manufacturing  purposes,  may  be  grouped  under  the  following  heads :  — 

1.  Canning.  —  A  modern  canning  outfit,  including  both  steam-pressure 
cookers  and  hot-water  baths,  hand  and  power  can  sealers,  peeling  and  slicing 
machines,  a  string-bean  cutter,  heat-penetration  thermometers,  electric  in- 
cubator and  a  large  assortment  of  all  types  of  home  canning  equipment. 

2.  Evaporation.  —  Two  small  orchard  evaporators,  a  tunnel  drier,  peeling 
machines,  slicers  and  a  general  assortment  of  driers  adapted  to  home  evapo- 
ration. 

3.  Fruit  Juices,  Butters,  etc.  —  A  hand  cider  mill,  a  motor-driven  hydraulic 
press,  a  steam-jacketed  kettle,  an  apple-butter  cooker,  and  cider  and  vinegar 
testing  apparatus. 

Elective  Courses. 

75.  I.  Horticultural  Manufactures.  —  For  seniors  and  graduate 
students.  A  practical  course  in  food  preservation  dealing  primarily  with 
fruits  and  vegetables.  The  canning  of  fruits  and  vegetables  as  practiced  in 
the  home  and  in  commercial  canneries;  evaporation  of  fruits  and  vegetables, 
the  various  types  of  equipment  and  methods  of  preparation  of  products. 
The  manufacture  of  (a)  fruit  products,  such  as  butters,  jams,  jellies,  fruit 
juices,  marmalades,  preserves,  vinegars,  pastes,  etc.;  (6)  vegetable  products, 
as  pickles,  piccahlU,  sauerkraut,  soups,  etc.  Particular  attention  is  given 
to  study  and  use  of  all  types  of  equipment  suitable  for  use  in  the  home  or  small 
factory,  together  with  methods  for  testing  a  large  variety  of  manufactured 
products.    The  emphasis  is  on  canning,  drying  and  study  of  equipment. 

2  class  hours.  3  2-hour  laboratory  periods  per  week,  credit,  5. 

Professor  Chenoweth. 

76.  II.  Horticultural  Manufactures.  —  For  seniors  and  graduate 
students.  A  continuation  of  Course  75.  The  emphasis  in  this  course  is  placed 
on  the  manufacturing  and  testing  of  fruit  and  vegetable  products. 

1  class  hour.  2  laboratory  periods  per  week,  credit,  3. 

Professor  Chenoweth. 
Prerequisite,  Horticultural  Manufactures  75. 

77.  III.  Horticultural  Manufactures.  —  Continuation  of  courses 
75  and  76,  dealing  primarily  with  maple  products,  the  canning  of  meats  and 
spring  vegetables,  and  studies  of  special  problems  mvolved  in  estabhshing  and 
operating  home  and  farm  factories. 

2  2-hour  periods  per  week,  credit,  3. 
Professor  Chenoweth. 
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Horticulture. 

Professor  Watjgh,  Assistant  Professor  Thompson,  Assistant  Professor  Rogers. 

The  general  subject  of  horticulture  divides  naturally  into  subjects  of  pomol- 
ogy, floriculture,  forestry,  landscape  gardening  and  vegetable  gardening.  A 
number  of  courses  relate  to  more  than  one  of  these  subjects,  and  are  therefore 
grouped  here  under  the  general  designation  of  horticulture. 

Required  Course. 
1.     I.     Horticulture.  —  Freshmen.     Given  as  part  of  the  freshman  agri- 
culture and  horticulture.  i 


Elective  Courses  (General). 
27.    III.     Nursery  Practice.  —  For  sophomores;    juniors  and  seniors 
may  elect.     Treats  of  the  fundamental  methods  of  plant  propagations  by 
seeds,  cuttings,  budding,  grafting,  etc.    Lectures  and  practicums. 

2  class  hours.  1  2-hour  laboratory  period,  credit,  3. 

Assistant  Professor  Thompson. 

50.  I.  Plant  Materials.  —  For  juniors;  seniors  may  elect.  Aims  to 
make  the  student  famihar  with  the  character  of  the  trees,  shrubs  and  her- 
baceous perennials  used  in  ornamental  work,  and  with  the  methods  of  propa- 
gating them. 

3  class  hours.  2  2-hour  laboratory  periods,  credit,  5. 

Assistant  Professor  Thompson. 
Prerequisite,  Horticulture  27. 

51.  III.  Plant  Materials.  —  For  juniors;  seniors  may  elect.  A  con- 
tinuation of  Course  50,  taking  up  the  field  use  of  trees,  shrubs  and  herbaceous 
plants,  their  native  habitats,  soils  and  plant  associations,  with  a  view  to  sup- 
plying to  students  in  landscape  gardening  and  floriculture  a  knowledge  of 
plant  species.    Frequent  practicums  and  field  excursions. 

3  class  hours.  2  2-hour  laboratory  periods,  credit,  5. 

Assistant  Professor  Thompson. 
Prerequisite,  Horticulture  50. 

Landscape  Gardening. 

Professor  Waugh,  Assistant  Professor  Harrison. 

The  purposes  of  the  courses  are:  (1)  to  train  men  for  the  profession  in  all 
its  branches.  As  a  rule  graduates  should  first  enter  the  employ  of  estabhshed 
landscape  architects,  nurserymen  or  park  superintendents,  and  after  an  ap- 
prenticeship of  several  years  those  who  have  the  requisite  technical  and  business 
abiUty  may  set  up  for  themselves.  (2)  To  train  men  for  public-service  work 
in  national.  State  and  municipal  parks  and  forests.  (3)  To  train  men  for 
country  planning,  this  function  being  exercised  through  various  pubUc  insti- 
tutions and  organizations.  (4)  To  train  teachers  and  extension  workers  in 
hues  of  landscape  gardening  and  civic  improvement.  (5)  To  give  a  broad  and 
hberal  general  education  stressing  the  fundamental  principles  of  art. 
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The  department  has  large,  well-hghted  drafting  rooms,  with  necessary- 
equipment,  such  as  plajiimeters,  eidograph,  pantograph,  blue-printing  outfit, 
etc.;  and  a  complete  outfit  of  surveying  instruments,  including  transits,  levels, 
plane  tables,  prismatic  compasses,  hand  levels,  etc.  The  college  campus 
presents  an  unusually  good  collection  of  the  plant  materials  used  in  landscape 
gardening. 

Elective  Courses. 

50.  I.  Mapping  and  Topography.  —  Juniors.  Reconnoissance  surveys 
and  mapping,  with  special  reference  to  the  methods  used  in  landscape  gar- 
dening; detailed  study  of  selected  designs  of  leading  landscape  gardeners; 
grade  design,  road  design  and  field  work.    Must  be  followed  by  Course  51. 

2  2-hour  laboratory  periods;  2  3-hour  laboratory  periods,  credit,  5. 

Assistant  Professor  Harrison. 
Prerequisites,  Mathematics  26  and  27,  Drawing  25,  26  and  27,  Horticulture  27. 

51.  II.  Elements  of  Landscape  Gardening.  —  Juniors.  As  stated 
under  Course  50. 

3  3-hour  laboratory  periods,  credit,  4. 
Assistant  Professor  Harrison. 
Prerequisite,  Landscape  Gardening  50. 

52.  III.  General  Design.  —  Juniors.  Field  notes;  examination  of 
completed  works  and  those  under  construction;  design  of  architectural  details, 
planting  plans,  gardens,  parks  and  private  grounds;  written  reports  on  indi- 
vidual problems.     Must  be  followed  by  Course  53. 

2  2-hour  laboratory  periods;  2  3-hour  laboratory  periods,  credit,  5. 

Assistant  Professor  Harrison. 
Prerequisites,  Landscape  Gardening  50  and  51,  and  either  plant  materials 
(Horticulture  50  and  51)  or  advanced  mathematics. 

75.  I.  Theory  op  Landscape  Art.  —  For  seniors  and  graduates.  The 
general  theory  and  applications  of  landscape  study,  including  a  brief  history 
of  the  art. 

3  class  hours.  Credit,  3. 

Professor  Waugh. 

76.  II.  Civic  Art.  —  Seniors.  The  principles  and  applications  of  modern 
civic  art,  including  city  planning,  city  improvement,  village  improvement 
and  rural  improvement,  with  special  emphasis  upon  country  planning.  Must 
be  followed  by  Course  77. 

3  3-hour  laboratory  periods,  credit,  4. 
Professor  Waugh. 
Prerequisite,  Landscape  Gardening  53. 

77.  III.     Country  Planning.  —  Seniors.    As  stated  under  Course  76. 

3  3-hour  laboratory  periods,  credit,  4. 
Professor  Waugh. 
Prerequisite,  Landscape  Gardening  76. 
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78.  III.  Architecture.  —  Alternating  with  Course  79;  given  in  1918- 
19.  Juniors  and  seniors.  The  history  of  architectural  development,  the 
different  historic  types,  with  special  reference  to  the  underlying  principles  of 
construction  and  design  and  their  relations  to  landscape  design.  Illustrated 
lectures,  conferences,  practice  in  designing. 

3  class  hours.  Credit,  3. 

Assistant  Professor  Harrison. 

79.  III.  Construction  and  Maintenance.  —  Alternating  with  Course 
78;  given  in  1919-20.  Juniors  and  seniors.  Detailed  instruction  in  methods 
of  construction  and  planting  in  carrying  out  plans,  in  organization,  reporting, 
accounting,  estimating,  etc.;  maintenance  work  in  parks  and  on  estates,  its 
organization,  management,  cost,  etc. 

3  class  hours.  Credit,  3. 

Assistant  Professor  Harrison. 

80.  I.  Theory  of  Design.  —  Juniors.  As  stated  under  Course  52. 
[Will  be  given  in  the  summer  term  when  that  is  established;  meantime,  will 
be  given  in  term  I,  senior  year.] 

120  laboratory  hours,  credit,  4. 
Professor  Waugh. 
Prerequisite,  Landscape  Gardening  52. 

81.  II.     Estate  Design.    Credit,  4. 


82.     III.     Park  Design.    Credit,  4. 


Assistant  Professor  Harrison. 
Assistant  Professor  Harrison. 


Pomology. 

Professor  Seabs,  Assistant  Professor  Drain,  Assistant  Professor  French,  Assistant  Professor 

Gould. 

The  object  of  the  courses  is  to  give  a  training  which  shall  be  thoroughly 
practical  and  yet  scientific.  This  will  fit  the  men  to  enter  the  field  of  practical 
fruit-growing,  or  it  will  furnish  an  excellent  foundation  for  further  study. 

The  department  has  50  acres  in  fruit  plantations.  The  apple  orchards 
comprise  about  35  acres,  and  there  are  blocks  of  pears,  peaches,  plums  and 
cherries.  In  small  fruits  there  are  plantings  of  strawberries,  raspberries, 
blackberries,  currants  and  gooseberries.  There  are  three  vineyards,  with  a 
total  area  of  5  acres,  in  which  the  leading  varieties  and  the  principal  types  of 
pruning  and  training  are  represented.  In  these  plantations  are  50  varieties  of 
grapes,  representing  three  native  American  species  and  many  hybrids;  20 
varieties  of  peaches;  20  varieties  of  pears;  25  of  plums,  including  five  species 
and  many  hybrids;   and  100  varieties  of  apples. 

The  department  has  an  excellent  equipment  of  spraying  and  dusting  ma- 
chinery, including  various  styles  and  sizes  of  power  sprayers,  and  many 
types  of  barrel  pumps  and  smaller  sprayers.  There  is  also  an  excellent  assort- 
ment of  orchard  tools,  including  plows,  harrows,  fertilizer  sowers,  etc. 
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Fisher  Laboratory  is  one  of  the  best  planned  and  equipped  packing  and 
storage  plants  in  the  United  States.  It  includes  six  refrigerated  rooms;  four 
storage  rooms  not  refrigerated;  one  large  laboratory  room  and  one  classroom, 
besides  ample  storage  room  for  fruit  packages  and  equipment.  The  equip- 
ment for  the  building  itself  includes  four  types  of  apple  sizers;  packing  tables 
and  box  and  barrel  presses  of  various  types,  besides  all  kinds  of  packages  and 
the  smaller  equipment  necessary  for  thoroughly  modern  work  in  grading  and 
packing  fruit.  The  department  is  equipped  with  lockers  and  with  pruning 
and  other  tools  for  the  use  of  students  in  laboratory  work,  which  is  made  a 
leading  feature  in  aU  the  courses  in  pomology. 

Elective  Courses. 
50.  I.  Practical  Pomology.  —  For  juniors;  seniors  may  elect.  A  study 
of  the  general  principles  of  the  growing  of  fruits,  deaUng  with  such  questions 
as  selection  of  site,  soils,  windbreaks,  laying  out  plantations,  choice  of  nursery 
stock,  pruning,  culture  of  orchards,  orchard  fertihzers,  cropping  orchards,  etc. 
Lectures,  supplemented  with  text  and  reference  books;'  field  and  laboratory 
exercises. 
2  class  hours.  1  2-hour  laboratory  period,  credit,  3. 

Professor  Sears. 
Prerequisite,  Horticulture  27. 

5L    II.     Practical  Pomology.  —  For  juniors;    seniors  may  elect.     As 
Stated  under  Course  50. 
2  class  hours.  1  2-hour  laboratory  period,  credit,  3. 

Professor  Sears. 
Prerequisite,  Pomology  50. 

52.  III.  Practical  Pomology.  —  For  juniors;  seniors  may  elect.  As 
stated  under  Course  50. 

2  class  hours.  1  2-hour  laboratory  period,  credit,  3. 

Professor  Sears. 
Prerequisite,  Pomology  5L 

53.  IV.  (Summer.)  Small  Fruits.  —  For  juniors;  seniors  may  elect. 
The  growing,  harvesting,  marketing  and  storing  of  small  fruits,  including 
raspberries,  blackberries,  strawberries,  currants,  gooseberries  and  grapes, 
together  with  thinning,  spraying,  picking  and  marketing  of  tree  fruits  at  the 
college  orchards  and  in  private  commercial  orchards. 

120  laboratory  hours,  credit,  5. 
The  Department. 

75.    I.     Systematic  Pomology.  —  Seniors.    A  study  of  the  varieties  and 
nomenclature  of  the  different  fruits,  with  critical  descriptions;  special  reference 
given   to   relationships   and   classification.      Lectures,    laboratory   and   field 
exercises. 
1  class  hour.  2  2-hour  laboratory  periods,  credit,  3. 

Assistant  Professor  Drain. 
Prerequisite,  Pomology  52. 
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76.  II.  Systematic  Pomology.  —  Seniors.  As  stated  under  Course  75. 
1  class  hour.  2  2-hour  laboratory  periods,  credit,  3. 

Assistant  Professor  Drain. 
Prerequisite,  Pomology  75. 

77.  I.  Commercial  Pomology.  —  Seniors  only,  majoring  in  pomology. 
The  picking,  handhng,  storing  and  marketing  of  fruits,  including  a  discussion 
of  storage  houses,  fruit  packages,  methods  of  grading  and  packing.  Especial 
emphasis  is  placed  upon  laboratory  and  field  work,  where  the  student  is 
given  actual  practice  in  the  picking  and  packing  of  all  the  principal  fruits. 

1  class  hour.  2  2-hour  laboratory  periods,  credit,  3. 

Assistant  Professor  Gould. 
Prerequisite,  Pomology  52. 

78.  III.  Spraying.  —  Seniors.  A  study  of  (a)  spraying  materials,  their 
composition,  manufacture  and  preparation  for  use;  the  desirable  and  objec- 
tionable quahties  of  each  material,  formulas  used,  cost,  tests  of  purity.  (&) 
Spraying  machinery,  including  all  the  principal  types  of  pumps,  nozzles,  hose 
and  vehicles;  their  structure  and  care,  (c)  Orchard  methods  in  the  applica- 
tion of  the  various  materials  used,  with  the  important  considerations  for 
spraying  each  fruit  and  for  combating  each  orchard  pest.  This  course  is 
designed  especially  to  famiharize  the  student  with  the  practical  details  of 
actual  spraying  work  in  the  orchard.  Spray  materials  are  prepared,  spraying 
apparatus  is  examined  and  tested,  old  pumps  are  overhauled  and  repaired, 
and  the  actual  spraying  is  done  in  the  college  orchards  and  small-fruit 
plantations. 

1  class  hour.  2  2-hour  laboratory  periods,  credit,  3. 

The  Department. 
Prerequisite,  Pomology  52. 

79.  III.  General  Pomology.  —  For  seniors;  juniors  may  elect. 
Planned  to  meet  the  needs  of  students  who  cannot  devote  more  than  one  term 
to  the  subject  but  who  want  a  general  knowledge  of  fruit  growing.  Consists 
of  lectures  and  laboratory  exercises  on  such  topics  as  choosing  the  locations, 
kinds  and  varieties  of  fruits  to  grow,  securing  and  setting  the  plants,  care  and 
cultivation,  pruning,  spraying,  pests,  harvesting  and  storing. 

2  class  hours.  1  2-hour  laboratory  period,  credit,  3. 

The  Department. 


80.  I.  Seminar.  —  For  seniors  majoring  in  pomology.  Advanced  study 
of  problems  relating  to  the  business  of  fruit  growing.  Each  student  is  assigned 
a  major  and  a  minor  problem  in  hues  of  work  in  which  he  is  particularly  in- 
terested. He  pursues  his  studies  both  by  reading  and  research,  and  the  ma- 
terials obtained  will  be  worked  into  theses  which  are  presented  to  the  seminar 
for  discussion.  No  lectures  are  given,  but  seminar  meetings  are  held  for  one 
period  each  week. 

Credit,  1, 
Professor  Sears. 
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81.  II.  Seminar.  —  For  seniors  majoring  in  pomology.  A  continuation 
of  Course  80.     One  seminar  meeting  each  week. 

Credit,  1. 
Professor  Sears. 

82.  III.  Seminar.  —  For  seniors  majoring  in  pomology.  A  continua- 
tion of  Course  81.    One  seminar  meeting  each  week. 

Credit,  1. 
Professor  Sears. 

Vegetable  Gardening. 

Professor  Tompson,  Professor  Dacy,  Mr.  Harris. 

The  courses  cover  the  principles  and  practices  of  the  commercial  production 
of  vegetables  in  the  open,  and  the  forcing  of  vegetables  in  cold  frames,  hotbeds 
and  greenhouses.  They  are  designed  for  students  who  wish  to  engage  in  the 
business  for  themselves  or  for  others,  or  who  wish  to  become  teachers  or  in- 
vestigators in  the  more  technical  phases  of  the  subject. 

The  department  has  12  acres  of  land,  greenhouses,  hotbeds  and  cold  frames, 
with  modern  equipment  devoted  to  the  production  of  a  wide  variety  of  crops. 
These  afford  excellent  subject-matter  for  study,  and  opportunity  for  close 
contact  with  the  actual  problems  of  the  business. 

Elective  Courses. 

50.  III.  General  Vegetable  Gardening.  —  Juniors;  seniors  may  elect. 
A  general  course  for  students  not  specializing  in  vegetable  gardening.  De- 
signed to  teach  the  fundamentals  of  vegetable  gardening,  soils,  fertiUzers, 
garden  crops,  general  methods  of  management. 

2  class  hours.  1  2-hour  laboratory  period,  credit,  3. 

Professor  Dact. 

51.  I.  Practical  Vegetable  Gardening.  —  Juniors;  seniors  may 
elect.  A  study  of  the  principles  of  vegetable  gardening.  Deals  with  such 
questions  as  the  selection  of  a  location;  soils,  manures  and  fertilizers,  green 
manure  and  cover  crops;  seeds  and  seeding;  the  construction  and  manage- 
ment of  hotbeds  and  cold  frames;  garden  planning,  planting,  tillage,  irriga- 
tion; control  of  insects  and  diseases;  harvesting,  marketing  and  storing.  In- 
cludes a  detailed  study  of  the  cultural  requirements  of  the  common  vegetable 
crops,  and  the  principles  of  rotation  and  double  cropping.  Text  and  reference 
books.    Laboratory  and  field  exercises. 

2  class  hours.  1  2-hour  laboratory  period,  credit,  3. 

Professor  Dacy. 
Prerequisite,  Horticulture  27. 

52.  II.  Practical  Vegetable  Gardening.  —  Juniors;  seniors  may 
elect.    As  stated  under  Course  51. 

2  class  hours.  1  2-hour  laboratory  period,  credit,  3. 

Professor  Dacy, 
Prerequisite,  Vegetable  Gardening  51. 
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53.  III.  Peactical  Vegetable  Gaedening.  —  Juniors;  seniors  may 
elect.     As  stated  under  Course  51. 

2  class  hours.  1  2-hour  laboratory  period,  credit,  3. 

Professor  Dacy. 
Prerequisite,  Vegetable  Gardening  52. 

75.  I.  Systematic  Vegetable  Gardening.  —  Seniors.  Includes  the  sys- 
tematic study  of  varieties,  types  and  strains  of  the  leading  vegetable  crops; 
the  estabhshing  of  types,  determination  of  quahty  of  varieties;  seed  growing, 
variety  improvement,  rogueing,  seed  harvesting,  curing  and  storing. 

3  class  hours.  2  2-hour  laboratory  periods,  credit,  5. 

Professor  Dacy. 
Prerequisite,  Vegetable  Gardening  54, 

76.  II.  Geeenhouse  Construction  and  Vegetable  Foecing.  — 
Seniors.  A  study  of  types,  materials,  construction,  location,  arrangement, 
capacity  and  cost  of  greenhouses  for  growing  vegetables.  A  brief  considera- 
tion of  the  heating  plant,  —  the  type,  installation,  piping  and  management; 
also  the  study  of  greenhouse  vegetable  crops  and  their  production  as  prac- 
ticed by  commercial  growers. 

3  class  hours.  2  2-hour  laboratory  periods,  credit,  5. 

Professor  Dacy. 
Prerequisite,  Vegetable  Gardening  75. 

77.  III.  Commercial  Vegetable  Geowing.  —  Seniors.  A  considera- 
tion of  vegetable  growing  as  a  business.  A  study  of  this  speciahzed  type  of 
farming,  including  places  where  developed,  types,  extent,  economic  importance, 
capitalization,  equipment  and  other  fundamental  problems  of  commercial 
vegetable  gardening.  Students  assist  in  the  planning  and  operation  of  a  typical 
market-gardening  area.  Visits  are  made  to  market-gardening  and  truck- 
gardening  farms. 

3  class  hours.  2  2-hour  laboratory  periods,  credit,  5. 

Professor  Dacy. 
Prerequisite,  Vegetable  Gardening  76. 

78.  I.  Seminar,  —  For  seniors  majoring  in  vegetable  gardening.  Each 
student  is  assigned  problems  relating  to  the  business  of  vegetable  garden- 
ing. Reports  on  the  work  on  these  problems  are  made  each  week  to  the  seminar, 
and  the  results  presented  as  a  thesis. 

Credit,  1. 
Professors  Tompson  and  Dacy. 

79.  II.  Seminar.  —  For  seniors  majoring  in  vegetable  gardening.  A 
continuation  of  Course  78.      One  seminar  meeting  each  week. 

Credit,  1. 
Professors  Tompson  and  Dacy, 

80.  III.  Seminar.  —  For  seniors  majoring  in  vegetable  gardening.  A 
continuation  of  Course  79.     One  seminar  meeting  each  week. 

Credit,  1. 
Professors  Tompson  and  Dacy. 
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Drawing. 

Elective  Courses. 
25.^  I.  Free-hand  Drawing.  —  For  sophomores;  juniors  and  seniors 
may  elect.  Lettering;  free-hand  perspective;  sketching  from  type  models, 
leaves,  flowers  and  trees,  houses,  etc.;  laying  flat  and  graded  washes  in  water 
colors;  water-color  rendering  of  leaves,  flowers  and  trees;  conventional  color- 
ing and  map  rendering  in  water  colors;  conventional  signs  and  mapping  in 
ink. 

3  2-hour  laboratory  periods,  credit,  3. 


26.^  II.  Mechanical  Drawing.  — •  For  sophomores;  juniors  and  seniors 
may  elect.  Inking  exercises;  geometric  problems;  projection;  intersections; 
isometric;  shades  and  shadows;  parallel;  angular  and  obhque  perspective; 
perspective  drawing  of  buildings.  Students  should  have  preparation  in  plane 
and  soUd  geometry. 

3  2-hour  laboratory  periods,  credit,  3. 


27.^    III.    Mechanical  Drawing.  —  For  sophomores;  juniors  and  seniors 
may  elect.    As  stated  under  Course  26. 

3  2-hour  laboratory  periods,  credit,  3. 


Prerequisite,  Drawing  26. 


1  Given  by  Assistant  Professor  Harrison. 
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DIVISION    OF    SCIENCE.  J 

Professor  Feknald. 

[Heavy-faced  type  indicates  the  term  in  which  the  course  is  given.  Numbering  of  courses: 
1  to  24,  inclusive,  freshmen;  25  to  49,  inclusive,  sophomores;  50  to  74,  inclusive,  juniors;  75  to 
99,  inclusive,  seniors.] 

Botany. 

Professor  Osmun,  Professor  Anderson,  Assistant  Professor  Clahk,  Assistant  Professor 
McLaughlin,  Assistant  Professor  Torrey. 

A  knowledge  of  the  principles  of  plant  life  is  fundamental  in  agricultural 
education.  The  required  courses  in  botany  are  planned  with  this  and  the 
general  educational  value  of  the  subject  in  view.  Elective  courses  are  of  two 
types:  (1)  those  which  have  for  their  chief  aim  the  direct  support  of  technical 
courses  in  agriculture  and  horticulture,  and  (2)  those  providing  broader,  more 
intensive  training  in  the  science.  Coiu'ses  in  the  second  group  may  lead, 
when  followed  by  postgraduate  study,  to  speciaUzation  in  the  field.  They 
also  fiirnish  excellent  training  for  those  specializing  in  other  sciences  and  in 
scientific  agricultm-e.  In  all  undergraduate  courses  the  relation  of  the  science 
of  botany  to  agriculture  is  emphasized. 

The  department  occupies  Clark  Hall,  a  brick  building  55  by  95  feet,  two 
stories  high,  with  basement  and  attic.  The  building  has  two  lecture  rooms 
with  seating  capacity  of  154  and  72,  respectively;  one  seminar  and  herbarium 
room;  large  laboratories  for  general  and  special  work;  and  smaller  rooms 
for  advanced  students.  A  glass-enclosed  laboratory  for  plant  physiology 
adjoins  the  main  building  and  provides  unusual  facUities  for  the  study  of 
phenomena  of  plant  life.  In  addition,  a  greenhouse  28  by  70  feet  is  connected 
with  the  building.  This  is  for  experimental  work  in  plant  pathology  and 
physiology,  and  for  growing  plants  needed  for  instruction.  The  experiment 
station  laboratories  devoted  to  botanical  research  are  in  this  building. 

The  laboratories  and  lecture  rooms  are  of  modern  construction,  finely  lighted, 
and  equipped  with  compound  and  dissecting  microscopes,  microtomes,  paraffin 
and  drying  ovens,  physiological  and  other  apparatus,  and  a  large  collection 
of  charts.  The  herbarium  contains  about  20,000  sheets  of  seed  plants  and 
ferns,  1,200  sheets  of  liverworts  and  mosses,  and  25,000  specimens  of  fungi. 
FacUities  and  equipment  for  the  study  of  plant  physiology  and  pathology  are 
excelled  in  few  other  institutions. 

Required  Courses. 

3.  III.  Introductory  Botany.  —  Freshmen.  Presents  the  seed  plants 
as  plastic  organisms  molded  by  their  environment.  Also  introduces  the  student 
to  methods  of  identifying  and  classifying  plants. 

An  herbarium,  illustrative  of  systematic,  ecological  and  economic  features, 
is  started  in  the  spring,  but  need  not  be  presented  until  fall  when  credit  is 
given  in  Course  25.     This  makes  it  possible  for  the  interested  student  to 
familiarize  himself  with  the  flora  of  the  full  growing  season. 
1  class  hour.  2  2-hour  laboratory  periods,  credit,  3. 

Assistant  Professor  Torrey. 


1922.]  PUBLIC  DOCUMENT  — No.  31.  93 

25.  I.  Introductory  Botany.  —  Sophomores.  The  anatomy  and 
physiology  of  the  seed  plants  (Phanerogamia),  with  a  brief  summary  of  the 
lower  forms  of  plant  Ufe.  The  herbarium  started  in  connection  with  Botany  3 
is  presented  as  part  of  this  course. 

1  class  hour.  2  2-hour  laboratory  periods,  credit,  3. 

Assistant  Professor  Torrey. 
Prerequisite,  Botany  3. 

Elective  Courses. 

26.  II.  Morphology  and  Taxonomy  of  the  Lower  Plants  (Crypto- 
gamia).  —  Sophomores.  Systematic  study  of  typical  forms  of  bacteria, 
algse,  fungi,  lichens,  mosses,  ferns.  (Courses  3,  25  and  26  constitute  a  general 
elementarj'-  course  in  botany,  and  are  required  of  all  students  who  major  in 
the  subject.) 

1  class  hour.  2  2-hour  laboratory  periods,  credit,  3. 

Professors  Osmun  and  Torrey. 
Prerequisite,  Botany  25. 

27.  III.  The  Vascular  Plants.  —  For  sophomores;  juniors  and  seniors 
may  elect.  Continues  the  work  of  Botany  26,  but  deals  with  the  higher  plants, 
such  as  ferns  and  fernworts,  gymnosperms  and  angiosperms.  The  department 
possesses  a  unique  collection  of  lantern  slides  and  microscopical  preparations 
for  use  in  this  course. 

1  class  hour.  2  2-hour  laboratory  periods,  credit,  3. 

Assistant  Professor  Torrey. 
Prerequisite,  Botany  26. 

50.  I.  Diseases  of  Crops.  —  For  juniors;  seniors  may  elect.  The 
lectures  are  general  and  are  taken  by  aU  who  elect  the  course,  but  in  order  to 
permit  students  to  specialize  on  the  diseases  of  crops  most  closely  related  to 
their  majors  or  in  which  they  are  most  interested,  the  course  is  divided  for 
laboratory  work  into  the  following  sections:  (I)  diseases  of  truck  and  field 
crops;  (II)  diseases  of  floricultural  crops  and  ornamentals;  (III)  diseases  of 
fruit  crops;  (IV)  diseases  of  shade  and  forest  trees.  One,  two  or  three  labo- 
ratory sections  may  be  taken. 

1  class  hour.  1,  2  or  3  2-hour  laboratory  periods,  credits,  2,  3  or  4. 

Assistant  Professor  McLaughlin. 
Prerequisites,  Botany  3  and  25. 

51.  II.  Diseases  op  Crops.  —  For  juniors;  seniors  may  elect.  As 
stated  under  Course  50. 

1  class  hour.  1,  2  or  3  2-hour  laboratory  periods,  credits,  2,  3  or  4. 

Assistant  Professor  McLaughlin. 
Prerequisite,  Botany  50. 

52.  I.  Systematic  Mycology.  —  For  juniors;  seniors  may  elect.  Mor- 
phology and  development  of  typical  species  representing  the  orders  and  families 
of  fungi;  practice  in  identification,  collection  and  preservation  of  fungi;  study 
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of  systems  of  classification;   collateral  reading.    A  prerequisite  of  the  senior 

course  in  plant  pathology,  but  open  to  all. 

1  class  hour.  2  2-hour  laboratory  periods,  credit,  3. 

Professor  Anderson. 
Prerequisite,  Botany  26. 

53.  II.     Systematic  Mycology.  —  For  juniors;    seniors  may  elect.     As 
stated  under  Course  52. 

1  cla^s  hour.  2  2-hour  laboratory  periods,  credit,  3. 

Professor  Anderson. 
Prerequisite,  Botany  52. 

54.  III.     Systematic  Mycology.  —  For  juniors;   seniors  may  elect.    As 
stated  under  Course  52. 

1  class  hour.  2  2-hour  laboratory  periods,  credit,  3. 

Professor  Anderson. 
Prerequisite,  Botany  53. 


55.  I.  Plant  Histology.  —  For  juniors;  seniors  may  elect.  Compara- 
tive study  of  the  tissues  of  plants;  training  in  histological  methods,  including 
the  use  of  precision  microtomes,  methods  of  killing,  fixing,  sectioning,  staining 
and  mounting;  collateral  reading  and  conferences.  This  course  offers  valu- 
able training  in  preparation  for  further  work  in  botany. 

3  2-hour  laboratory  periods,  credit,  3. 
Professor  Osmun  and  Assistant  Professor  McLaughlin. 
Prerequisites,  Botany  3  and  25. 


56.     II.     Plant  Histology.  —  For  juniors;  seniors  may  elect.    As  stated 
under  Course  55. 

3  2-hour  laboratory  periods,  credit,  3. 
Professors  Osmun  and  McLaughlin. 
Prerequisite,  Botany  55. 


58.  I.  Systematic  Botany  of  the  Higher  Plants.  —  For  juniors; 
seniors  may  elect.  An  intensive  study  of  gymnosperms  and  angiosperms. 
Lectures  deal  with  the  interrelations  of  the  flowering  plants  and  with  their 
ecology,  distribution  and  economic  importance.  Laboratory  work  consists 
of  a  critical  study  of  types  from  the  most  important  natural  plant  families. 
Particular  emphasis  is  laid  on  the  flora  of  Massachusetts.  The  department 
herbarium  and  greenhouses  supply  material  of  important  tropical  forms  for 
study. 

2  class  hours.  2  2-hour  laboratory  periods,  credit,  4. 

Assistant  Professor  Torrey. 


59.     II.     For  juniors;  seniors  may  elect.    As  stated  under  Course  58. 
2  class  hours.  2  2-hour  laboratory  periods,  credit,  4. 

Assistant  Professor  Torrey. 
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75.  I.     Plant  Pathology.  —  Seniors.    Comprehensive  study  of  diseases 
'  of  plants;    training  in  laboratory  methods  and  technique,  including  culture 

work  and  artificial  inoculation  of  hosts;    miscellaneous  diagnosis;    study  of 
literature  and  representative  life  histories  of  pathogens.     Prepares  for  civil 
service,  experiment  station  and  college  work. 
1  class  hour.  4  2-hour  laboratory  periods,  credit,  5. 

Professors  Osmun  and  Anderson. 
Prerequisite,  Botany  54. 

76.  II.     Plant  Pathologt.  —  Seniors.    As  stated  under  Course  75. 

1  class  hour,  4  2-hour  laboratory  periods,  credit,  5. 

Professors  Osmun  and  Anderson. 
Prerequisite,  Botany  75. 

77.  III.     Plant  Pathology.  —  Seniors.    As  stated  under  Course  75. 

1  class  hour.  ■  4  2-hour  laboratory  periods,  credit,  5. 

Professors  Osmun  and  Anderson. 
Prerequisite,  Botany  76.  ' 

78.  I.  Plant  Physiology.  —  Seniors.  Study  of  the  factors  and  con- 
ditions of  (a)  Plant  Nutrition,  including  the  taking  up  of  water  and  mineral 
substances,  the  assimilation  of  carbon  and  nitrogen,  and  the  release  of  energy 
due  to  the  processes  of  dissimilation;  (b)  Plant  Growth,  including  the  in- 
fluence of  internal  and  external  factors  on  growth,  the  development  of  repro- 
ductive and  vegetative  organs,  and  touching  on  plant  inheritance  and  the 
origin  of  new  varieties;  (c)  Plant  Movements,  including  those  due  to  the 
taking  up  of  water,  and  those  movements  of  both  motile  and  fixed  forms  in 
response  to  external  stimuli.  Special  emphasis  is  laid  on  the  development  of 
skill  in  the  manipulation  of  apparatus  in  the  laboratory;  weekly  conferences 
are  held  at  which  students  report  on  assignments. 

2  class  hours.  3  2-hour  laboratory  periods,  credit,  5. 

Assistant  Professor  Clark. 
Prerequisites,  Botany  26  and  Chemistry  51. 

79.  II.     Plant  Physiology.  —  Seniors.    As  stated  under  Course  78. 

2  class  hours.  3  2-hour  laboratory  periods,  credit,  5. 

Assistant  Professor  Clark. 
Prerequisite,  Botany  78. 

80.  III.     Plant  Physiology.  —  Seniors.    As  stated  under  Course  78. 

2  class  hours.  3  2-hour  laboratory  periods,  credit,  5. 

Assistant  Professor  Clark. 
Prerequisite,  Botany  79. 

82.  II.  Cytology  and  Embryology.  —  Seniors.  Morphology  and  phys- 
iology of  the  cell;  cell-division;  embryonal  development. 

3  2-hoiu'  laboratory  periods,  credit,  3. 
Assistant  Professor  McLaughlin. 
^1  Prerequisites,  Botany  26  and  55. 
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83.  III.  Cytology  and  Embryology.  —  Seniors.  As  stated  under 
Course  82. 

3  2-hour  laboratory  periods,  credit,  3. 
Assistant  Professor  McLaughlin. 
Prerequisite,  Botany  82. 

86.  I.  87.  II.  88.  III.  Seminar.  —  For  seniors  and  graduate  students. 
Presentation  and  discussion  of  important  current  botanical  papers.  A  major 
requirement. 

1  class  hour.  Credit,  1. 

The  Department. 

General  and  Agricultural  Chemistry. 

Professor  Lindset,  Professor  Wellington,  Professor  Chamberlain,  Professor  Peters, 
Professor ,  Assistant  Professor  Serex. 

In  teaching  the  courses  in  chemistry,  emphasis  is  laid  on  both  their  edu- 
cational and  their  vocational  value.  The  courses  in  the  freshman  year  deal 
with  fundamental  principles,  and  give  the  student  such  an  understanding  of 
the  subject  as  will  enable  him  to  apply  it  in  farm  practice.  The  more  advanced 
courses,  including  quantitative  analysis  and  organic,  physiological  and  physical 
chemistry,  are  for  those  who  intend  to  become  teachers  and  workers  in  the 
alHed  sciences,  or  who  desire  to  follow  agricultural  chemistry  as  a  vocation. 
Advanced  training  is  given  by  means  of  postgraduate  courses  (see  Graduate 
School) . 

Those  completing  the  undergraduate  courses  are  fitted  for  positions  in  the 
agricultural  industries,  —  fertilizer,  feed  and  insecticide  manufacture,  —  as 
weU  as  in  other  lines  of  industry,  and  in  the  State  experiment  stations  and  in 
commercial  laboratories.  Postgraduate  students  are  prepared  for  positions  as 
teachers  in  high  schools  and  colleges,  and  for  more  advanced  positions  in 
industry  and  in  the  experiment  stations. 

An  entire  buUding  is  devoted  to  the  needs  of  the  department.  The  base- 
ment is  used  for  the  storage  of  apparatus  and  chemicals.  The  first  floor  con- 
tains laboratories  for  organic,  physiological  and  physical  chemistry,  and 
quaUtative  analysis.  The  second  floor  is  occupied  by  the  general  lecture 
room,  the  reading  room,  offices  for  the  several  members  of  the  staff,  and  labo- 
ratories for  analytical  chemistry.  The  third  floor  has  desk  room  and  hoods 
sufficient  to  accommodate  90  students  at  one  time  in  general  chemistry. 
On  this  floor  is  also  a  lecture  room  seating  56  students. 

The  entire  laboratory  is  weU  equipped  with  the  necessary  apparatus  and 
chemicals  for  all  students  who  desire  to  perfect  themselves  as  expert  chemists, 
or  who  wish  to  study  chemistry  as  a  supplement  to  some  other  kind  of  prac- 
tical or  scientific  work.  The  equipment  includes  a  valuable  and  growing 
collection  of  specimens  and  samples  of  minerals,  soils,  raw  and  manufactured 
fertihzers,  foods,  milk  products,  fibers,  various  other  vegetable  and  animal 
products,  and  artificial  preparations  of  mineral  and  organic  compounds;  and 
also  a  series  of  preparations  for  illustrating  the  various  stages  of  different 
manufactures  from  raw  material  to  finished  product. 
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Required  Courses. 

1.  I.  General  Chemistry.  —  Freshmen.  An  introduction  to  the  fun- 
damental chemical  laws,  together  with  a  study  of  the  common  acid-forming 
elements  and  their  compounds.  Textbook,  Kahlenberg's  "Outlines  of  Chem- 
istry." This  course  is  for  those  students  who  do  not  present  chemistry  for 
entrance,  and  who  begin  the  subject  in  college. 

2  class  hours.  1  2-hour  laboratory  period,  credit,  3. 

Professors  Peters  and  Serex. 

2.  II.  General  Chemistry.  —  Freshmen.  A  continuation  of  Course  1. 
A  study  of  metals  and  their  compounds.  The  laboratory  work  is  the  same 
as  described  under  Course  4. 

2  class  hours.  1  2-hour  laboratory  period,  credit,  3. 

Professor  Peters. 

3.  III.  Inorganic  Agricultural  Chemistry.  —  Freshmen.  As  stated 
under  Course  5,  II. 

2  class  hours.  1  2-hour  laboratory  period,  credit,  3. 

Assistant  Professor  Serex. 

4.  I.  Advanced  General  Chemistry.  —  Freshmen.  A  review  of  the 
fundamental  chemical  laws,  together  with  the  common  acid  and  base-forming 
elements  and  their  compounds.  Textbook,  Kahlenberg's  "Outhnes  of  Chem- 
istry." The  laboratory  work  takes  the  sjmthetic  form.  Substances  of  agri- 
cultural importance  are  prepared  in  quantity  and  studied  in  detail  by  the 
student.  These  include  ammonium  sulfate,  superphosphate,  muriate  and 
sulfate  of  potash,  arsenate  of  lead,  Paris  green,  Bordeaux  mixture,  Ume-sulfur 
and  emulsions. 

2  class  hours.  1  2-hour  laboratory  period,  credit,  3. 

Assistant  Professor  Serex. 
Prerequisite,  Entrance  Chemistry. 

5.  II.  Inorganic  Agricultural  Chemistry.  —  Freshmen.  A  study  of 
the  chemical  composition,  properties  and  reactions  of  soils,  fertilizers,  fungi- 
cides and  insecticides.  The  laboratory  work  is  divided  into  three  parts:  (a) 
qualitative  examination  of  soil,  plant  ash  and  superphosphate;  (b)  approxi- 
mate quantitative  determination  of  moisture,  ash,  carbonic  acid,  phosphoric 
acid,  potash,  etc.;  (c)  special  work  on  retention  of  salts  by  soil,  leaching  of 
lime  from  the  soil  by  carbonated  water,  etc. 

2  class  hours.  1  2-hour  laboratory  period,  credit,  3. 

Assistant  Professor  Serex. 

6.  III.  Organic  Agricultural  Chemistry.  —  Freshmen.  Elective 
for  sophomores  who  do  not  take  it  as  freshmen.  Embraces  the  study  of  the 
most  important  groups  of  organic  compounds  of  plants  and  animals,  the  com- 
position of  plants,  the  chemistry  of  plant  growth,  plants  as  food  and  as  in- 
dustrial material,  the  composition  of  animals,  the  chemistry  of  digestion,  also 
the  study  of  some  of  the  products  related  to  plants  and  animals,  such  as  milk, 
butter,  cheese,  sugar  and  alcohol.     The  treatment  of  the  subject  is  general. 
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avoiding  (so  far  as  possible)  complicated  chemical  facts  and  relationships, 
and  endeavoring  simply  to  make  the  student  acquainted  with  the  general 
chemistry  of  plants  and  animals  and  agricultural  processes  and  products. 
2  class  hours.  1  2-hour  laboratory  period,  credit,  3. 

Professor  Chamberlain. 

Elective  Courses. 
26.  I.  Qualitative  Analysis,  —  Basic.  —  Sophomores.  The  syste- 
matic analysis  of  metaUic  salts,  presented  from  the  ionic  viewpoint.  A  close 
study  of  the  tests  used  in  the  separation  and  identification  of  the  metals;  he 
then  applies  these  tests  to  unknown  mixtures.  Text,  Medicus'  "Quahtative 
Analysis,"  with  StiegHtz's  "QuaUtative  Analysis"  and  Gooch  &  Browning's 
"QuaUtative  Analysis"  for  reference.  This  course  should  be  taken  by  aU 
intending  to  follow  chemistry  as  a  vocation. 
1  class  hour.  2  2-hour  laboratory  periods,  credit,  3. 

Assistant  Professor  Serex. 
Prerequisite,  Chemistry  3  or  6. 

26.  II.  Qualitative  Analysis.  —  Acidic.  —  Sophomores.  A  continua- 
tion of  Course  25. 

1  class  hour.  2  2-hour  laboratory  periods,  credit,  3. 

Assistant  Professor  Serex. 

27.  III.  Quantitative  Analysis.  —  For  sophomores;  juniors  and  sen- 
iors may  elect.  Includes  the  gravimetric  and  volumetric  determinations  of 
some  of  the  commoner  metals  and  non-metals.  Talbot's  "Quantitative 
Chemical  Analysis"  is  used  as  a  text. 

1  class  hour.  2  4-hour  laboratory  periods,  credit,  5. 

Professors  Wellington  and  Peters. 
Prerequisite,  Chemistry  25.    Course  26  is  prerequisite  for  those  majoring  in 
chemistry. 

51.  I.  Organic  Chemistry.  —  For  juniors;  seniors  may  elect.  Consists 
of  a  systematic  study,  both  from  texts  and  in  the  laboratory,  of  the  more  im- 
portant compounds  in  the  entire  field  of  organic  chemistry.  Especial  attention 
is  given  to  those  compounds  which  are  found  in  agricultural  products  or  are 
manufactured  from  them.  These  include  alcohols,  acids,  esters,  fats,  carbo- 
hydrates and  proteins.  The  work  forms  a  foundation  for  courses  in  physio- 
logical chemistry  and  agricultural  analysis,  and  is  especially  planned  for  those 
majoring  in  chemistry  or  the  other  sciences.  Those  electing  Course  51  are 
expected  to  elect  Course  52. 

5  class  hours.  2  3-hour  laboratory  periods,  credit,  8. 

Professor  Chamberlain. 
Prerequisites,  Chemistry  3  or  6,  and  Chemistry  27  for  those  majoring  in 
chemistry. 

52.  II.  Organic  Chemistry.  —  For  juniors;  seniors  may  elect.  A  con- 
tinuation of  Course  51,  deahng  principally  with  compounds  of  the  benzene 
series. 

5  class  hours.  2  3-hour  laboratory  periods,  credit,  8. 

Professor  Chamberlain. 
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62.    III.     Advanced    Quantitative    Analysis.  —  For    juniors;     seniors 
may  elect.    Advanced  work  on  subjects  as  stated  under  Course  27,  together 
with  the  analysis  of  insecticides  or  the  analysis  of  soils  and  fertilizers. 
1  class  hour.  2  4-hour  laboratory  periods,  credit,  5. 

Professors  Wellington  and  Peters. 
Prerequisite,  Chemistry  27. 


65.    III.     Physical  Chemistry.  —  For  juniors;    seniors  may  elect.     A 
r6sum6  of  general  chemistry  from  the  viewpoint  of  physical  chemistry,  and 
the  appMcation  of  physical  chemistry  to  agricultural  chemistry. 
3  class  hours.  2  2-hour  laboratory  periods,  credit,  5. 

Assistant  Professor  Serex. 
Prerequisite,  Chemistry  27. 

76.  I.  Milk  and  Butter  Analysis.  —  For  seniors;  juniors  may  elect. 
A  study  of  milk  and  butter  analytically. 

1  class  hour.  2  4-hour  laboratory  periods,  credit,  5. 

Professor  Peters  and  A.ssistant  Professor  Julian. 
Prerequisite,  Chemistry  27. 

77.  II.  Cattle  Feed,  Water  and  Miscellaneous  Analysis.  —  For 
seniors;  juniors  may  elect.  The  analysis  of  cattle  feeds  and  water,  with 
interpretations.     Other  materials  may  be  analyzed. 

1  class  hour.  2  4-hour  laboratory  periods,  credit,  5. 

Professor  Peters  and  Assistant  Professor  Julian. 
Prerequisite,  Chemistry  27. 


80.  I.  Physiological  Chemistry.  —  Seniors.  Supplementary  to  Courses 
51  and  52.  To  those  who  expect  to  take  up  scientific  work  in  microbiology, 
botany,  agronomy,  animal  husbandry,  etc.,  and  who  have  had  Courses  51  and 
52,  it  gives  acquaintance  with  the  chemistry  of  the  physiological  processes 
in  plants  and  animals,  by  means  of  which  some  of  the  important  organic  com- 
pounds studied  in  Courses  51  and  52  are  built  up  in  the  living  organism  or  are 
used  as  food  by  it.  In  the  lectures  the  study  of  food  and  nutrition  as  related 
to  both  human  and  domestic  animals  is  the  principal  subject.  In  the  laboratory 
•experimental  studies  are  made  of  the  animal  body  and  the  processes  and  prod- 
ucts of  digestion,  secretion  and  excretion. 

3  class  hours.  2  2-hour  laboratory  periods,  credit,  5. 

Professor  Chamberlain. 


86.  II.  Review  op  General  Chemistry.  —  Seniors.  Primarily  for 
students  majoring  in  chemistry;  others  may  elect  by  permission  from  the 
instructor.  A  knowledge  of  physical  chemistry  is  desirable.  The  review  of 
general  chemistry  is  largely  theoretical,  using  Alexander  Smith's  "Introduc- 
tion to  Inorganic  Chemistry"  as  text. 

3  class  hours.  Credit,  3. 

Professor  Peters. 
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87.  III.  History  of  Chemistry.  —  Seniors.  An  exposition  of  the  devel- 
opment of  chemical  knowledge  from  the  earliest  times  to  the  present.  Although 
the  entire  history  will  be  included,  the  larger  portion  of  it  will  receive  only 
brief  mention  in  order  that  the  questions  of  vital  interest  in  modern  life  and 
industry  may  be  studied  at  greater  length.  Particular  attention  will  be  given 
to  the  questions  of  plant  and  animal  industry.  Chemists  are  strongly  advised 
to  take  this  course. 

3  class  hours.  Credit,  3. 

Professor  Wellington. 

91.  III.  Special  Work  in  Agricultural  Chemical  Analysis.  —  Sen- 
iors.    As  stated  in  Course  90. 

10  laboratory  hours,  credit,  5. 
Professor  Peters. 
Prerequisite,  Chemistry  90. 

92.  II.  Special  Work  in  Physiological  and  Organic  Agricultural 
Chemistry.  —  Seniors.  In  this  course,  as  in  Courses  90  to  95,  the  student 
may  give  his  attention  primarily  to  one  hne  of  chemical  study.  To  those 
whose  tastes  and  interests  are  in  connection  with  the  organic  and  physio- 
logical problems  of  agricultural  chemistry,  many  subjects  of  study  present 
themselves,  among  which  may  be  mentioned:  proteins,  carbohydrates,  fats, 
organic  nitrogenous  compounds  in  fertihzers  and  soils  and  their  relation  to 
plants^  the  commercial  production  of  alcohol  from  agricultural  products, 
dyes,  digestion  and  dietary  studies,  the  chemical  study  of  dairy  products,  etc. 

6  or  10  laboratory  hours,  credit,  3  or  5. 
Professor  Chamberlain. 
Prerequisites,  Chemistry  51,  52  and  80. 

93.  III.  Special  Work  in  Physiological  and  Organic  Agricultural 
Chemistry.  —  Seniors.     As  stated  under  Course  92. 

10  laboratory  hours,  credit,  5. 
Professor  Chamberlain. 
Prerequisite,  Chemistry  92. 

94.  II.  Special  Work  in  Physical  Chemistry.  —  Seniors.  The  field  of 
agricultural  chemistry  offers  many  problems  that  have  been  attacked  through 
the  methods  of  physical  chemistry;  such,  for  example,  are  the  hydrolysis  of 
salts  and  of  minerals  and  the  absorption  of  salts  and  fertihzers  by  soils.  Each 
student  selects  one  line  of  work  and  follows  it  through  the  course,  repeating 
some  of  the  original  work. 

6  or  10  laboratory  hours,  credit,  3  or  5. 
Assistant  Professor  Serex. 
Prerequisite,  Chemistry  65. 

95.  III.  Special  Work  in  Physical  Chemistry.  —  Seniors.  As  stated 
under  Course  94. 

10  laboratory  hours,  credit,  5. 
Assistant  Professor  Serex. 
Prerequisite,  Chemistry  94. 
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Entomology. 

Professor  Feenald,  Professor  Ceampton,  Assistant  Professor  Regan,  Assistant   Professor 

Phillips. 

The  introductory  Courses  26  and  27,  taken  together,  present  a  comprehen- 
sive view  of  the  relation  of  insects  to  man,  particularly  as  crop  pests.  The 
most  important  pests  are  carefully  studied,  together  with  the  methods  for 
their  control.  Courses  50  and  51  are  arranged  for  special  study  of  the  pests 
of  any  one  line  of  agricultural  or  horticultural  occupation,  selected  by  the 
student  according  to  his  plan  of  future  work,  with  the  intent  of  making  him 
thoroughly  familiar  with  the  pests  he  will  meet  in  his  selected  work  after 
graduation,  and  the  means  of  controlling  them.  The  remaining  courses  are 
for  the  training  of  men  as  State  or  experiment  station  entomologists;  for 
those  going  into  the  care  of  trees,  etc.,  on  estates,  or  for  cities  and  towns; 
and  as  entomological  experts,  for  which  the  demand  has  been  very  large. 

Fernald  Hall  provides  excellent  lecture  rooms  and  laboratories  for  this 
department.  The  laboratories  are  provided  with  individual  desks,  equipped 
with  microscopes  and  all  needed  apparatus  of  all  kinds.  Dissecting  microscopes, 
binoculars,  microtomes,  photographic  apparatus,  glassware  and  reagents  are 
available  for  use  and  electric  light  and  gas  are  connected  with  each  desk. 
Two  laboratories,  one  for  juniors  and  seniors,  the  other  for  graduate  students, 
are  thus  equipped.  A  department  library  containing  all  the  more  important 
works  on  insects,  supplemented  by  others  on  the  subject  in  the  main  library, 
and  by  the  private  libraries  of  the  professors,  make  available  more  than 
25,000  books  and  pamphlets  on  this  subject.  In  addition,  all  the  current 
magazines  are  received  and  their  files  are  accessible  to  every  one.  A  card 
catalogue  giving  references  to  the  published  articles  on  different  insects  con- 
tains about  65,000  cards,  and  is  probably  the  largest  index  of  its  kind  in  the 
world.  Spray  pumps,  nozzles  and  spraying  appliances  of  all  kinds  are  in 
use  in  various  parts  of  the  courses,  and  a  large  collection  of  insecticides  is 
accessible  for  study.  Photographic  rooms  are  specially  prepared  for  the 
photography  of  insects,  and  the  greenhouses,  gardens,  orchards  and  the 
grounds  of  the  college  provide  wide  opportunities  for  the  study,  under  natural 
conditions,  of  insect  pests. 

Elective  Courses. 
26.  II.  General  and  Economic  Entomology.  —  For  sophomores; 
juniors  and  seniors  may  elect.  For  students  who  desire  some  knowledge  of 
insects,  but  who  cannot  give  more  than  two  terms  to  the  subject.  Also  serves 
as  an  introduction  to  the  later  courses  for  those  who  intend  to  follow  entomology 
farther.  Touches  briefly  upon  the  structure  of  insects  so  far  as  this  is  needed 
for  such  a  course;  deals  with  metamorphosis,  classification  to  the  larger  groups, 
and  discusses  the  most  important  methods  and  materials  used  for  control. 
The  greater  part  of  the  time  is  devoted  to  special  study  of  the  most  important 
insect  pests,  particularly  of  New  England,  showing  their  modes  of  life,  the 
injuries  they  cause,  and  the  best  methods  of  control.  In  this  way  the  most 
serious  pests  of  fruit  trees,  ornamental  trees  and  shrubs,  market-garden  and 
greenhouse  pests,  those  attacking  field  crops  and  those  affecting  animals  and 
man,  are  treated.  During  the  winter  term  and  in  the  spring  term  until  about 
the  first  of  May  instruction  is  given  by  lectures  and  recitations;  from  about 
the  first  of  May  field  work  takes  the  place  of  the  lectures.    In  this  part  of  the 
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course  the  students  are  shown  how  to  find  and  recognize  the  work  of  the  various 
insect  pests  which  may  be  accessible  at  that  season  of  the  year,  and  they  also 
make  and  preserve  a  collection  of  insects. 

3  class  hours.  Credit,  3. 

Professor  Fernaxd. 

27.  III.  General  and  Economic  Entomology.  —  As  stated  under 
Course  26,  II. 

2  class  hours  till  about  May  1;  thereafter  2  2-hour  field  periods.    Credit,  2. 

Professors  Fernald,  Crampton  and  Regan. 

50.  I.  Pests  of  Special  Crops.  —  For  juniors;  seniors  may  elect.  For 
students  not  majoring  in  entomology.  The  laboratory  work  is  largely  indi- 
vidual in  this  term.  Accordingly,  students  majoring  in  subjects  other  than 
entomology,  but  who  desire  a  more  complete  knowledge  of  the  insects  con- 
nected with  their  own  major  line  of  work,  can  obtain  it  here.  A  student  major- 
ing in  floriculture,  for  example,  will  devote  his  laboratory  time  to  a  careful 
study  of  the  insects  injuring  floricultviral  crops,  learning  how  to  recognize  them 
and  their  work  in  their  different  stages,  and  the  best  methods  for  their  control. 
Courses  of  this  kind  are  available  on  the  insects  attacking  field  crops,  market- 
garden  crops,  tree  fruits,  small  fruits,  shade  trees  and  shrubs,  flowers,  forest 
trees,  the  domesticated  animals,  household  pests  and  man.  This  work  may 
be  continued  in  the  winter  term  also.    (See  51,  II.) 

3  2-hour  laboratory  periods,  credit,  3. 
Professor  Fernaxd. 
Prerequisites,  Entomology  26  and  27. 

51.  II.  Pests  of  Special  Crops.  —  As  stated  in  50,  I.  For  students 
not  majoring  in  entomology.  Those  who  were  not  able  to  take  Entomology 
50  in  the  fall  may  take  it  here.  Those  who  took  Entomology  50  in  the  fall 
have  an  opportunity  to  continue  the  work  during  this  term  also. 

3  2-hour  laboratory  periods,  credit,  3. 
Professor  Fernald, 

52.  II.  Insecticides  and  their  Application.  Classification  of 
Insects.  —  For  juniors  majoring  in  entomology.  Lectures  on  the  compo- 
sition, preparation  and  methods  of  application  of  insecticides.  Laboratory 
work  on  classification  of  insects,  particularly  those  for  which  insecticides  are 
used. 

1  class  hour.  2  2-hour  laboratory  periods,  credit,  3. 

Professors  Fernald  and  Regan. 
Prerequisite,  Entomology  53. 

53.  I.  Insect  Morphology.  —  For  juniors  majoring  in  entomology.  The 
lectures  treat  of  the  external  and  internal  anatomy  of  insects,  particularly  of 
those  characters  used  in  identification,  a  knowledge  of  which  is  needed  in  the 
accompanying  laboratory  work.  In  the  laboratory  the  external  anatomy  of 
the  most  important  groups  is  studied,  followed  by  the  identification  of  insects 
of  these  groups,  to  show  how  the  characters  are  made  use  of  in  learning  the 
names  of  insects,  and  to  teach  the  use  of  analytical  keys. 

2  class  hours.  3  2-hour  laboratory  periods,  credit,  5. 

Professor  Crampton. 
Prerequisites,  Entomology  26  and  27.  ^ 

i: 
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54.  I.  Insect  Classification.  —  For  juniors  majoring  in  entomology. 
Systematic  identification  of  insects  of  various  groups.  Study  of  various  en- 
tomological publications  and  methods  of  finding  the  Uterature  on  any  insect. 

3  2-hour  laboratory  periods,  credit,  3. 
Assistant  Professor  Regan. 
Prerequisite,  Entomology  53.  ' 

56.  II.  Pests  of  Special  Crops.  —  For  juniors  majoring  in  entomology. 
Individual  laboratory  work  on  the  most  important  insect  pests  of  this  country, 
and  the  preparation  and  presentation  of  bulletin  material  on  them. 

3  2-hour  laboratory  periods,  credit,  3. 
Professor  Fernald. 

55.  III.  Economic  Entomology.  —  For  juniors  majoring  in  entomology. 
Continuation  of  lectures  on  insecticides;  laboratory  work  on  the  identification 
of  insect  pests,  the  relations  of  insects  to  disease. 

1  class  hour.  2  2-hour  laboratory  periods,  credit,  3. 

Professors  Fernald,  Crampton  and  Regan. 
Prerequisites,  Entomology  52  and  53. 

75.  III.  Forest  AND  Shade-tree  Insects.  —  For  juniors;  seniors  may 
elect.  The  lecture  work  deals  with  the  principles  and  methods  of  controlling 
insects  which  attack  forests  and  forest  products,  shade  trees,  etc.  The  labora- 
tory periods  are  devoted  to  a  study  of  the  more  important  species,  their  identi- 
fication, biology  and  specific  control  measures.  Field  work  supplements 
laboratory  study  if  time  permits. 

1  class  hour.  3  2-hour  laboratory  or  field  periods,  credit,  4. 

Assistant  Professor  Regan. 
Prerequisites,  Entomology  26  and  27;  53  and  54  desirable. 

76.  I.  Advanced  Entomology.  —  For  seniors.  Studies  on  insect  bio- 
nomics; scale  insects,  their  structure,  habits,  methods  of  mounting,  identifi- 
cation, etc.;  studies  of  the  animals  not  insects  with  which  entomologists  are 
expected  to  deal. 

2  class  hours.  3  2-hour  laboratory  periods,  credit,  5. 

Professors  Crampton  and  Regan. 
Prerequisite,  Entomology  55. 

77.  II.  Advanced  Entomology.  —  Studies  of  the  hfe  history,  habits 
and  methods  of  control  of  the  important  insect  pests  of  the  United  States; 
recognition  tests  of  these  pests  and  an  examination  of  the  literature  on  them ; 
methods  of  bulletin  preparation. 

3  2-hour  laboratory  periods,  credit,  3. 
Assistant  Professor  Regan. 
Prerequisite,  Entomology  76. 

78.  III.  Advanced  Entomology.  —  Classification  of  insects  and  of  their 
early  stages;  principles  of  classification,  the  use  of  literature  on  entomology 
and  the  preparation  of  bibhographies  and  indices;  the  enemies  of  insects. 

1  class  hour.  3  2-hour  laboratory  or  field  periods,  credit,  4. 

Professors  Fernald,  Crampton  and  Regan. 
Prerequisite,  Entomology  77. 
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90.  II.  Evolution.  —  For  juniors;  seniors  may  elect.  In  order  to 
demonstrate  the  universal  scope  and  operation  of  the  laws  of  evolution,  the 
course  includes  a  brief  sketch  of  the  probable  origin  and  evolution  of  matter 
as  viewed  in  the  Hght  of  modern  physical  and  chemical  research;  the  evolu- 
tion of  the  solar  system,  leading  to  the  formation  of  the  earth;  the  changes  in 
the  earth,  preparatory  to  the  production  of  life;  the  physical  and  chemical 
basis  of  life;  the  probable  steps  in  the  formation  of  Uving  matter,  and  the 
theories  concerning  it;  the  evolution  of  living  things;  the  developmental 
history  of  man,  and  of  the  races  of  mankind,  the  evolution  of  human  intelli- 
gence, languages,  culture,  institutions,  etc.,  and  man's  probable  future  in  the 
light  of  his  past  development.  Especial  consideration  is  given  to  the  factors 
of  evolution,  the  basic  principles  of  heredity,  sex-determination,  variation  and 
similar  topics,  with  particular  reference  to  their  appHcation  to  human  welfare; 
and  the  recent  contributions  in  the  field  of  entomology  to  the  advancement  of 
our  knowledge  of  these  fundamental  principles  are  briefly  reviewed. 
3  class  hours.  Credit,  3. 

Professor  Crampton. 

Courses  in  Beekeeping. 

65.  III.  Introductory  Beekeeping.  —  For  juniors;  seniors  may  elect. 
Designed  to  meet  the  demands  of  the  horticulturist  as  well  as  of  the  prospective 
honey  producer,  and  consists  of  a  detailed  study  of  the  normal  behavior  of  the 
honey  bee  and  the  colony  as  a  whole,  followed  by  an  explanation  and  considera- 
tion of  the  various  manipulations  employed  in  the  practical  work  of  the  apiary. 
In  proportion  to  their  relative  importance,  time  is  also  given  to  the  following 
topics:  development  and  structure  of  the  individual,  sources  of  nectar,  queen 
rearing,  the  prevention  and  control  of  bee  diseases,  and  the  marketing  of 
honey.  In  so  far  as  possible,  the  laboratory  work  parallels  the  lecture  work, 
and  is  planned  to  famiUarize  the  student  with  the  most  approved  methods  of 
beekeeping  in  the  various  branches  of  farming. 

3  class  hours.  ^  2  2-hour  laboratory  periods,  credit,  5. 

Assistant  Professor  Phillips. 

85.  I.  Advanced  Beekeeping.  —  For  seniors.  Intended  for  those  who 
expect  to  make  beekeeping  the  principal  part  of  their  business,  and  is  a  con- 
tinuation of  Course  65,  with  a  detailed  consideration  of  the  more  important 
features  of  the  industry,  such  as:  wintering,  spring  management,  swarm  control 
and  increase,  and  production  and  care  of  the  crop.  Other  special  topics  con- 
sidered are:  commercial  queen  rearing,  identification  and  treatment  of  the 
various  bee  diseases,  the  inside  temperature  of  the  hive,  and  beekeeping  litera- 
ture. The  akn  of  the  course  is  to  fully  equip  the  student  for  commercial  bee- 
keeping. The  laboratory  work  takes  up  special  manipulations,  and  attention 
is  also  given  to  the  problems  of  beekeeping. 

2  class  hours.  1  2-hour  laboratory  period,  credit,  3. 

Assistant  Professor  Phillips. 

Mathematics  and  Civil  Engineering. 

Professor  Ostbandeh,  Professor  Machmeb,  Assistant  Professor  Moohe,  Mr.  Porter. 

The  work  of  the  freshman  year  is  required.  It  is  intended  to  furnish  the 
necessary  drill  and  groundwork  needed  for  many  of  the  scientific  and  practical 
courses  of  other  departments.    Thoroughness  and  accuracy  are  insisted  upon. 
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The  advanced  work  in  mathematics  is  taught  from  a  practical  standpoint, 
and  many  of  its  applications  to  other  subjects  are  given.  The  courses  in 
surveying  and  civil  engineering  are  given  to  furnish  the  groundwork  for  a 
professional  career.  Special  emphasis  is  given  to  the  subjects  bearing  on 
highway  construction  and  maintenance. 

For  drawing,  a  room  on  the  north  side  is  used  for  the  draughting.  It  has 
draughting  tables,  T  squares,  scales,  etc.,  for  twenty  students.  Vernier 
protractors,  parallel  rules  and  steel  T  squares  are  available  for  precise  work. 
A  small  room  is  devoted  to  blue  printing. 

In  survejdng,  the  department  has  a  considerable  number  of  chains  and 
tapes,  two  railroad  compasses,  a  builder's  level,  two  dumpy  levels,  two  Y 
levels  and  two  old  levels  used  for  teaching  the  adjustments.  Six  transits  are 
available  for  student  use.  Two  are  provided  with  solar  attachments.  An 
omnimeter  with  vernier  reading  to  ten  seconds  is  available  for  geodetic  work. 
A  hand  level,  mining  aneroid  barometer,  and  prismatic  compass  are  pro- 
vided for  reconnoissance  work.  A  set  of  GUmore's  needles  and  a  Fairbanks' 
machine  are  used  for  cement  testing. 

Required  Courses. 

1.  I.  Hi  GHEE  Algebra.  —  Freshmen.  A  brief  review  of  radicals,  quad- 
ratic equations,  ratio  and  proportion,  and  progressions;  graphs,  binomial 
theorem,  undetermined  coefficients,  summation  of  series,  variation,  continued 
fractions,  determinants,  permutations  and  combinations,  logarithms,  theory 
of  equations.     Reitz  and  Crathorne's  "College  Algebra." 

5  class  hours.  Credit,  5. 

The  Department. 

2.  II.     Higher  Algebra.  —  As  stated  under  Course  1. 

2  class  hours.  Credit,  2.  . 

The  Department. 

3.  III.  Solid  Geometry.  —  Freshmen.  Theorems  and  exercises  on  the 
properties  of  straight  lines  and  planes,  dihedral  and  polyhedral  angles,  prisms, 
pyramids  and  regular  sohds;  cylinders,  cones  and  spheres;  spherical  triangles 
and  the  measurement  of  surfaces  and  sohds.  Wentworth  and  Smith's  "Solid 
Geometry."     Required  unless  accepted  for  admission. 

3  class  hours.  Credit,  3. 

The  Department. 

5.  II.  Plane  Trigonometry.  —  Freshmen.  The  trigonometric  func- 
tions as  hues  and  ratios;  proofs  of  the  principal  formulas,  transformations; 
inverse  fimctions,  use  of  logarithms;  the  apphcations  to  the  solution  of  right 
and  obhque  triangles;  practical  apphcations.  Bowser's  "Elements  of  Plane 
and  Spherical  Trigonometry." 

3  class  hours.  Credit,  3. 

The  Department. 

6.  III.  Mensuration  and  Computation.  —  Freshmen.  A  review  of 
methods  of  computation,  with  special  emphasis  on  short  and  abbreviated 
processes,  together  with  methods  of  checking  computations  and  of  forming 
close  approximations;  use  of  slide  rule.    Also  the  graph,  mensuration  of  plane 
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and  solid  figures,  weights  and  measures  and  elementary  mechanism.  Nu- 
merous practical  problems  are  selected  from  such  subjects  as  the  following:  the 
mathematics  of  woodworking;  rough  lumber;  general  construction;  forestry- 
methods  in  heights  of  trees;  pulleys,  belts  and  speeds;  power  and  its  transmis- 
sion; dairying;  agronomy;  computation  of  areas  from  simple  measurements. 
2  class  hours.  Credit,  2. 

The  Department 
Elective  Courses. 

26.  11.  Plane  Surveying.  —  For  sophomores;  juniors  and  seniors  may 
elect.  The  elements  of  the  subject,  including  the  adjustment  and  use  of  the 
usual  instruments.     Textbook  and  lectures. 

2  class  hours.  Credit,  2. 

The  Department. 

27.  III.  Plane  Surveying.'* — For  sophomores;  juniors  and  seniors 
may  elect.     As  stated  under  Course  26.     Includes  field  work. 

3  2-hour  laboratory  periods,  credit,  3. 

The  Department.    |2j 
Prerequisite,  Mathematics  26.  ™ 

50.  I.  Analytic  Geometry.  —  For  juniors;  seniors  may  elect.  A  dis- 
cussion of  the  geometry  of  the  line,  the  circle,  conic  sections,  and  the  higher 
plane  curves.    Fine  and  Thompson's  "Co-ordinate  Geometry." 

3  class  hours.  Credit,  3. 

The  Department. 
Prerequisites,  Mathematics  1,  2,  3  and  5. 

51.  II.  Differential  and  Integral  Calculus.  —  For  juniors;  seniors 
may  elect.  A  first  course  in  the  subject,  with  some  of  the  more  important 
applications.    Granville's  "  Difi'erential  and  Integral  Calculus." 

5  class  hours.  Credit,  5. 

The  Department. 
Prerequisites,  Mathematics  1,  2,  3  and  5. 

52.  III.     Integral  Calculus.  —  For  juniors;  seniors  may  elect.    Aeon-    I 
tinuation  of  Course  51. 

5  class  hours.  Credit,  5. 

The  Department. 
Prerequisite,  Mathematics  51. 

53.  II.  Elementary  Structures.  —  For  juniors;  seniors  may  elect. 
An  elementary  course  in  roofs  and  bridges.     Textbook  and  lectures. 

3  class  hours.  1  2-hour  laboratory  period,  credit,  4. 

The  Department. 

75.  I.  Hydraulics  and  Sanitary  Engineering.  —  For  seniors;  juniors 
may  elect.  Hydrostatics,  theoretical  hydraulics,  orifices,  weirs,  pipes,  con- 
duits, water  supply,  hydraulic  motors,  sewers  and  sewage  treatment.  Text- 
book and  lectures. 

5  class  hours.  Credit,  5. 

The  Department. 
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76.  I.  Materials  of  Constructjcon,  Foundations  and  Masonry 
CoNSTRtrcTioN.  —  For  seniors;    juniors  may  elect.     Textbook  and  lectures. 

4  class  hours.  1  2-hour  laboratory  period,  credit,  5. 

The  Department. 

77.  II.  Roads  and  Railroads.  —  For  seniors;  juniors  may  elect. 
Topographic  and  higher  surveying,  highway  construction,  earthwork,  pave- 
ments and  railroad  construction.     Textbook  and  lectures. 

3  class  hours.  Credit,  3. 

The  Department. 

78.  III.  Roads  and  Railroads.  —  For  seniors;  juniors  may  elect.  As 
stated  under  Course  77. 

3  2-hour  laboratory  periods,  credit,  3. 
The  Department. 
Prerequisite,  Mathematics  77. 

79.  I.  Applied  Mechanics.  —  Seniors.  A  course  in  applied  mechanics, 
based  on  the  calculus,  with  problems.    Textbooks  and  lectures. 

5  class  hours.  Credit,  5. 

The  Department. 
Prerequisites,  Mathematics  51,  52. 

Microbiology. 

Professor  Marshall,  Assistant  Professor  Itano,  Mr.  Avery,  Miss  Garvey. 

'J'hree  objectives  are  sought  in  the  arrangement  of  the  courses  following: 
(1)  Introductory  courses  (50  and  51)  needed  in  the  general  training  of  every 
college  student.  (2)  An  introductory  course  followed  by  a  specific  course  (as 
80,  81,  82,  83),  necessary  to  every  student  engaged  in  the  Division  of  Agri- 
culture, with  which  the  specific  course  deals.  (3)  Introductory  courses  (50 
and  51)  followed  by  Courses  52,  75,  76  and  81,  preparatory  for  students  who 
are  aiming  to  specialize  in  agricultural  microbiology.  (Courses  75,  76  and  81 
are  adapted  to  those  having  Courses  50  and  51  only,  and  are  also  adapted  to 
those  majoring  in  microbiology.) 

The  microbiological  work  is  carried  on  in  a  building  especially  designed  for 
it.  There  are  4  class  laboratory  rooms,  8  private  laboratory  rooms,  1  lecture 
room,  5  incubator  rooms,  3  steriUzing  rooms,  3  hood  rooms,  3  washing  rooms, 
3  inoculating  rooms,  3  weighing  rooms,  an  animal  room,  a  photographic  and  a 
dark  room,  a  sub-basement  refrigerator  room,  a  Ubrary  and  4  office  rooms. 

The  class  laboratory  rooms  are  so  arranged  that  individual  desks  are  avail- 
able for  student  use.  Hot  and  cold  water  and  gas  connections  are  convenient 
for  each  desk;  high-pressure  steam  and  electric  connections  are  also  available. 
The  building  is  well  lighted  and  of  sanitary  construction;  all  the  walls  are  of 
brick,  and  the  building  is  fireproof. 

The  library  is  equipped  with  such  books  and  current  periodicals  as  are 
useful  in  the  conduct  of  bacteriological  work  and  investigations.  Twenty- 
four  scientific  magazines  are  available  regularly. 

There  are  incubators,  both  electric  and  gas,  hot-air  sterilizers,  ordinary 
steam  sterilizers,  autoclaves,  an  inspissator,  blood-testing  apparatus,  vacuum 
apparatus,  air-pressure  apparatus,  shaker,  grinder,  centrifugal  machines,  a 
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water  still  of  5  gallons  per  hour  capacity,  Hoskins'  combustion  furnace,  a 
balopticon,  complete  microphotographic  equipment,  microscopes,  microtome, 
and  such  other  apparatus,  glassware  and  chemicals  as  are  needed  for  ex- 
tensive and  intensive  work. 

Elective  Courses. 

50.  I,  II  and  III.  Inteodtjctory  and  General  Microbiology.  —  For 
juniors;  seniors  may  elect.  Aims  to  provide  elementary  basis  for  microbial 
studies  and  interpretation,  to  enable  students  to  pursue  special  pertinent 
courses  which  will  serve  as  supports  in  practical  electives  or  majors,  and  to 
furnish  students  with  such  material  as  will  be  valuable  in  understanding 
public  health  problems.  Three  hours  scheduled,  five  hours  by  arrangement. 
2  class  hours.  6  laboratory  hours,  credit,  5. 

Professor  Maeshall  and  Mr.  Avery. 

51.  II  and  III.  Morphological,  Cultural  and  Physiological  Mi- 
crobiology.—  For  juniors;  seniors  may  elect.  Types  of  micro-organisms, 
technic  of  handhng,  methods  of  culture  and  functions  of  micro-organisms  are 
considered.  This  course  is  fundamental  to  all  advanced  and  extended  micro- 
biological studies.      One  hour  will  be  scheduled. 

10  laboratory  hours,  credit,  5. 
Mr.  Avery. 
Prerequisite,  Microbiology  50. 

52.  III.  Advanced  Morphological,  Cultural  and  Physiological 
Microbiology.  —  For  juniors;  seniors  may  elect.  Prepares  for  a  more 
intimate  knowledge  of  microbiological  agricultural  problems.  To  accompHsh 
this  object  it  is  necessary  to  provide  more  advanced  technique  and  methods  of 
culture,  together  with  a  more  extensive  knowledge  of  micro-organisms  and 
their  functions.    One  hour  is  scheduled. 

10  laboratory  hours,  credit,  5. 
Assistant  Professor  Itano. 
Prerequisite,  Microbiology  50  and  51. 

75.  II.  Agricultural  Microbiology.  —  For  seniors;  juniors  may  elect. 
This  general  comprehensive  course  is  designed  to  cover  in  an  elementary 
manner  those  subjects  only  which  confront  the  student  of  general  agricul- 
ture, —  the  microbiological  features  of  air,  water,  sewage,  soil,  dairy,  fermenta- 
tions, food,  vaccines,  antisera,  microbial  plant  infections,  methods  and  chan- 
nels of  infections,  immunity  and  susceptibiUty,  microbial  infections  of  man 
and  animals,  methods  of  control  or  sanitary  and  hygienic  practices.  One 
hour  is  scheduled. 

10  laboratory  hours,  credit,  5. 
Professors  Marshall  and  Itano,  and  Mr.  Avery. 
Prerequisite,  Microbiology  50  and  51. 

76.  III.  Agricultural  Microbiology.  —  For  seniors;  juniors  may 
elect.     As  stated  under  Course  75.     One  hour  will  be  scheduled. 

10  laboratory  hours,  credit,  5. 
Professors  Marshall  and  Itano,  and  Mr.  Avery. 
Prerequisites,  Microbiology  50  and  75. 
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80.  II.  Soil  Microbiology.  —  For  seniors;  juniors  may  elect.  Such 
subjects  as  the  number  and  development  of  micro-organisms  in  different  soils; 
the  factors  which  influence  their  growth,  food,  reaction,  temperature,  moisture 
and  aeration;  the  changes  wrought  upon  inorganic  and  organic  matter  in  the 
production  of  soil  fertihty,  ammonification,  nitrification  and  denitrification; 
fixation  of  nitrogen  symbiotically  and  non-symbiotically;  methods  of  soil  in- 
oculation receive  attention.    One  hour  is  scheduled. 

10  laboratory  hours,  credit,  5. 
Assistant  Professor  Itano. 
Prerequisite,  Microbiology  50  and  51. 

81.  I.  Hygienic  Microbiology.  — ■  For  seniors;  juniors  may  elect.  An 
attempt  will  be  made  to  select  certain  material  which  is  basic  to  pubhc  hygiene 
and  sanitation,  as  apphed  to  man  and  animals.  The  microbiology  of  water 
supphes,  food  supphes,  vaccines,  antisera  or  antitoxins;  the  channels  by  which 
micro-organisms  enter  the  body,  the  influence  of  body  fluids  and  tissues  upon 
them,  body  reactions  with  micro-organisms  (susceptibihty  and  immunity); 
the  micro-organisms  of  some  of  the  most  important  infectious  diseases,  methods 
of  control,  including  disinfectants  and  disinfection,  antiseptics,  antisepsis  and 
asepsis,  will  be  treated.    One  hour  is  scheduled. 

10  laboratory  hours,  credit,  5. 
Assistant  Professor  Itano. 
Prerequisite,  Microbiology  60  and  51. 

82.  I.  Dairy  Microbiology.  —  For  seniors;  juniors  may  elect.  Special 
emphasis  is  placed  upon  milk  supphes.  The  microbial  content  of  milk,  its 
source,  its  significance,  its  control;  microbial  taints  and  changes  in  milk; 
groups  or  types  of  organisms  found  in  milk;  milk  as  a  carrier  of  disease-pro- 
ducing organisms;  the  value  of  straining,  aeration,  clarification,  centrifugal 
separation,  temperature,  pasteurization;  the  abnormal  fermentations  of  milk; 
bacteriological  milk  standards  and  their  interpretation;  ripening  of  milk  and 
cream;  the  bacterial  content  of  butter;  a  passing  survey  of  the  microbiology 
of  cheeses;  a  study  of  special  dairy  products,  as  ice  cream,  condensed  milk, 
artificial  milk  drinks  (the  products  of  microbial  actions),  represents  a  Ust  of 
topics  considered. 

10  laboratory  hours,  credit,  5. 
Professor  Marshall  and  Miss  Garvey. 
Prerequisite,  Microbiology  50  and  51. 

83.  I.  Food  Microbiology.  —  For  seniors;  juniors  may  elect.  A 
study  of  the  principles  of  food  preservation,  and  food  preservation  by  means 
of  drying,  canning,  refrigerating  and  addition  of  chemicals,  will  be  pursued. 
Food  fermentations,  as  illustrated  by  bread,  pickles,  sauerkraut,  ensilage, 
vinegar,  wine,  etc.,  will  be  examined.  Decomposition  of  foods,  as  may  be 
seen  in  meat,  oysters,  fish,  milk,  etc.,  as  well  as  diseased  and  poisonous  foods, 
will  receive  consideration.  Contamination  of  food  supphes  by  means  of  water, 
sewage,  handling,  exposure,  diseased  persons,  etc.,  is  of  especial  significance, 
and  will  be  demonstrated  by  laboratory  exercises.  Laboratory  inspection  of 
foods  is  now  a  subject  of  great  import  and  is  given  attention.  One  hour  is 
scheduled. 

10  laboratory  hours,  credit,  5. 
Professor  Marshall  and  Miss  Garvey. 
Prerequisite,  Microbiology  50  and  51. 
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Special  Coxjrses  for  Women. 
1.     I.     Elementary  Microbiology. — For  freshmen.     Devoted  to  the 
various  types  of  micro-organisms,  their  distribution  in  nature  and  their  charac- 
terization.   Such  methods  as  are  essential  for  examination, '  manipulation  and 
culturing  are  studied  and  employed. 

6  laboratory  periods,  credit,  3. 
Mr.  Avery. 

In  place  of  Military  1,  tactics;  Military  4,  drill;  fall  term,  freshmen. 

3.  III.  Elementary  Microbiology.  —  For  freshrnen.  Continuation 
of  1. 

4  laboratory  periods,  credit,  2. 
Mr.  Avery. 

In  place  of  Military  3,  tactics;  Military  6,  driU;  spring  term,  freshmen. 

25.  I.  Personal  Hygiene.  —  For  sophomores.  Such  subjects  as  the 
hygiene  of  the  mouth  and  teeth,  the  gastro-intestinal  tract,  food,  the  skin, 
respiration  apparatus,  ear,  eye  and  nervous  system  are  reviewed.  The  value 
of  bathing,  clothing,  physical  exercise,  etc.,  are  considered.  Attention  is 
given  to  emergencies,  accidents  of  "first  aid,"  and  such  other  matters  as 
usually  fall  within  this  category. 

2  class  hours,  credit,  2. 
Professor  Marshall  and  Miss  Garvey. 

In  place  of  Mihtary  25,  tactics;  Military  28,  drill;  fall  term,  sophomores. 

27.  III.  Sanitary  Science.  —  For  sophomores.  The  usual  topics  of 
sanitary  science,  as  ventilation,  heating,  plumbing,  water  suppty,  sewage 
disposal,  food  control  and  communicable  diseases,  are  treated  from  the  stand- 
point of  individual  and  public  health  control. 

2  class  hours,  credit,  2. 
Professor  Marshall  and  Miss  Garvey. 

In  place  of  Military  27;  Mihtary  30;  spring  term,  sophomores. 


Physics. 

Professor  Hasbeouck,  Professor  Haeeington,  Mr.  Aldeeman. 

The  fundamental  and  basic  importance  of  the  laws  and  phenomena  of 
physics  makes  necessary  no  explanation  of  the  introduction  of  this  subject 
into  the  curriculum  of  an  agricultural  college.  The  logical  development  of 
the  subject  emphasizes  the  importance  of  physics  as  a  science  in  itself.  Special 
emphasis  is  laid,  however,  on  the  correlation  of  the  principles  studied  with 
the  sciences  of  agriculture,  botany,  chemistry  and  zoology,  thus  furnishing 
an  extra  tool  by  use  of  which  the  student's  work  in  all  the  subjects  may  be 
more  effective. 
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In  Courses  25,  26  and  27  the  subject-matter  is  presented  with  the  idea  of 
its  special  apphcation  primarily  in  the  work  in  agriculture  and  general 
science.  The  full  year's  work  is  advised  for  all  students  continuing  work 
specifically  in  the  Division  of  Science.  Courses  25  and  26  are  required  of  all 
students.  The  subject-matter  is  especially  selected  and  arranged  for  its 
practical  application  rather  than  its  theorectical  development.  Courses  60, 
51  and  52  are  advised  for  students  in  chemistry,  general  biology,  microbiology 
and  general  science.  The  subject-matter  is  selected,  and  the  courses  developed, 
with  the  idea  of  making  the  student  proficient  in  laboratory  manipulation. 
Sufficient  theory  is  given  in  connection  with  the  work  to  enable  the  student  to 
apply  the  knowledge  and  practice  thus  gained  in  the  departments  indicated 
above. 

The  department  has  at  its  command  a  building  on  the  east  campus,  con- 
taining a  general  lecture  room  and  laboratory  for  sophomore  work,  a  laboratory 
for  junior  work,  and  in  the  basement  one  small  laboratory  for  quantitative 
work  in  light  measurement.  There  is  also  in  the  basement  a  fairly  well- 
equipped  shop  for  the  repair  and  construction  of  apparatus  used  in  the  de- 
partment work.  The  usual  apparatus  for  the  demonstration  in  the  lecture 
room  is  in  the  possession  of  the  department.  The  laboratory  equipment  is 
such  as  to  enable  the  department  to  offer  qualitative  work  in  mechanics, 
heat,  electricity  and  light. 

Required  Courses. 

25.  I.  General  Physics.  —  Sophomores.  Mechanics  of  solids  and 
fluids.  This  course  includes  statics,  with  equilibrium  of  rigid  bodies,  work, 
energy  and  friction;  kinetics,  considering  rectilinear  motion  and  motion  in  a 
curved  path;  harmonic  motion;  rotation  of  rigid  bodies,  including  kinematics 
of  rotation;  Uquids  and  gases,  with  properties  of  fluids  at  rest  and  in  motion; 
properties  of  matter  and  its  internal  forces,  including  elasticity,  capillarity, 
surface  tension. 

3  class  hours.  1  2-hour  laboratory  period,  credit,  4. 

Professors  Hasbrouck  and  Harrington  and  Mr.  Alderman. 

26.  II.  Electricity  and  Magnetism.  —  Sophomores.  Includes  such 
subject-matter  as  magnetism,  electrostatics,  electric  currents  with  their  pro- 
duction, chemical,  heating  and  mechanical  effects;  battery  cells,  measurement 
of  voltage,  current  flow  and  resistance,  motors  and  generators. 

2  class  hours.  1  2-hour  laboratory  period,  credit,  3. 

Professor  Harrington  and  Mr.  Alderman. 

Elective  Courses. 

27.  III.  Heat  and  Light.  —  For  sophomores;  juniors  and  seniors  may 
elect.  Thermometry,  expansion,  colorimetry  and  specific  heat,  transmission  of 
heat,  changes  of  state,  radiation  and  absorption.  Wave  theory  of  fight,  opti- 
cal instruments,  analysis  of  fight,  color,  interference,  diffraction,  polarization. 

4  class  hours.  1  2-hour  laboratory  period,  credit,  5. 

Professors  Hasbrouck  and  Harrington  and  Mr.  Alderman. 

50.  I.  Electricity,  Heat  and  Light.  —  For  juniors;  seniors  may  elect. 
1  class  hour.  2  2-hour  laboratory  periods,  credit,  3. 

Professor  Harrington. 
Prerequisite,  Physics  27. 
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51.  II.  Electkicity,  Heat  AND  Light.  —  For  juniors;  seniors  may  elect. 
Continuation  of  Course  50. 

1  class  hour.  2  2-hour  laboratory  periods,  credit,  3. 

Professor  Harrington. 
Prerequisite,  Physics  50. 

52.  III.  Electricitt,  Heat  and  Light.  —  For  juniors;  seniors  may 
elect.    Continuation  of  Courses  50  and  5L 

1  class  hour.  2  2-hour  laboratory  periods,  credit,  3. 

Professor  Harrington. 
Prerequisite,  Physics  51. 

75.     I.     76.     II.     77.     III.     Light.  —  For  seniors  and  graduate  students. 
Formation  of  optical  images,  photography,  optical  instruments,  interference, 
diffraction,  spectroscopy,  optical  phenomena  of  the  atmosphere,  polarization 
and  double  refraction,  magneto  optics  and  electro  optics,  radiation. 
3  class  hours.  Credit,  3. 

The  Department. 
Prerequisites,  Physics  50,  51  and  52;  Mathematics  50,  51  and  52. 

Veterinary  Science. 

Professor  Paige,  Professor  Gage. 

The  courses  in  veterinary  science  have  been  arranged  to  meet  the  needs 
(1)  of  students  who  propose  following  practical  agriculture;  (2)  of  prospective 
students  of  human  and  veterinary  medicine;  and  (3)  of  teachers  and  labora- 
tory workers  in  the  biological  sciences. 

The  department  occupies  a  modem  laboratory  and  hospital  stable,  built 
in  accordance  with  the  latest  principles  of  sanitation.  Every  precaution  has 
been  taken  in  the  arrangement  of  details  to  prevent  the  spread  of  disease, 
and  to  provide  for  effective  heating,  lighting,  ventilation  and  disinfection. 

The  main  building  contains  a  large  working  laboratory  for  student  use, 
and  several  small  private  laboratories  for  special  work.  There  is  a  lecture 
haU,  a  museum,  a  demonstration  room,  a  photographing  room  and  a  work- 
shop. The  hospital  stable  contains  a  pharmacy,  an  operating  haU,  a  post- 
mortem and  dissecting  room,  a  poultry  section,  a  section  for  cats  and  dogs, 
and  6  sections,  separated  from  each  other,  for  horses,  cattle,  sheep  and  swine. 
The  laboratory  equipment  consists  of  a  dissectible  Auzoux  model  of  the 
horse  and  Auzoux  models  of  the  foot  and  the  leg,  showing  the  anatomy  and 
the  diseases  of  every  part.  The  laboratories  also  have  modern,  high-power 
microscopes,  microtomes,  incubators  and  sterilizers,  for  work  in  every  depart- 
ment of  veterinary  science,  including  pathology,  serology  and  parasitology. 
There  are  skeletons  of  the  horse,  the  cow,  the  sheep,  the  dog  and  the  pig,  and  a 
growing  collection  of  anatomical  and  pathological  specimens.  The  lecture 
room  is  provided  with  numerous  maps,  charts  and  diagrams. 
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Elective  Courses. 

50.  I.  Veterinary  Hygiene  and  Stable  Sanitation.  —  For  juniors; 
seniors  may  elect.  Familiarizes  students  with  the  relation  of  water,  food,  air, 
Ught,  ventilation,  care  of  stables,  disposal  of  excrement,  individual  hygiene, 
etc.,  to  the  prevention  of  disease  in  farm  animals. 

5  class  hours.  Credit,  5, 

Professor  Paige, 

51.  I.  Comparative  (Veterinary)  Anatomy.  —  For  seniors;  juniors 
may  elect.  The  anatomy  of  the  horse  is  studied  in  detail,  and  that  of  other 
farm  animals  compared  with  it  where  differences  exist.  This  course  is  essen- 
tial for  those  students  wishing  to  elect  Course  76. 

5  class  hours.  Credit,  5. 

Professor  Paige. 

75.  II.  General  Veterinary  Pathology.  Materia  Medica  and 
Therapeutics.  —  For  juniors;  seniors  may  elect.  Such  fundamental  and 
general  pathological  conditions  are  studied  as  inflammation,  fever,  hyper- 
trophy, atrophy,  etc.,  a  knowledge  of  which  is  essential  in  the  diagnosis,  pre- 
vention and  treatment  of  disease.  The  course  in  pathology  is  followed  by  one 
in  materia  medica  and  therapeutics,  dealing  with  the  origin,  preparation, 
pharmacology,  pharmacy,  administration  and  therapeutic  use  of  the  more 
common  drugs.  Poisonous  plants  and  symptoms  and  treatment  of  plant 
poisoning  are  also  considered. 

5  class  hours.  Credit,  5. 

Professor  Paige. 

76.  II.  Theory  and  Practice  of  Veterinary  Medicine;  General, 
Special  and  Operative  Surgery.  —  For  seniors;  juniors  may  elect.  Famihar- 
izes  students  with  the  various  medical  and  surgical  diseases  of  the  different 
species  of  farm  animals.  Particular  attention  is  given  to  diagnosis  and  first- 
aid  treatment.  The  technique  of  simple  surgical  operations  that  can  with 
safety  be  performed  by  the  stock  owner.  Lectures,  demonstrations  and  prac- 
tice.   This  course  should  be  taken  in  conjunction  with  Course  51. 

5  class  hours.  Credit,  5. 

Professor  Paige. 
Prerequisite,  Veterinary  75. 

78.  I.  Essentials  of  General  Pathology.  —  For  seniors ;  jimiors  may 
elect.  Introduces  students  to  some  of  the  essential  anatomical,  histological 
and  general  physiological  phenomena  essential  to  the  understanding  of  some 
of  the  simple  general  pathological  conditions  found  in  domestic  animals.  Some 
of  the  common  methods  of  diagnosis  are  considered  in  the  laboratory.  The 
various  chemical  and  biological  reactions  and  tests  are  presented  from  the 
standpoint  of  pure  science,  showing  appUcations  of  chemistry  and  biology. 
The  course  serves  to  educate  hberally  and  stimulate  in  the  student  of  agricul- 
ture the  appreciation  of  some  of  the  methods  used  in  animal  pathology  for 
detecting  and  controlling  some  of  the  more  common  animal  diseases.  licctures, 
demonstration  and  laboratory  work. 

2  3-hour  laboratory  periods,  credit,  3. 
Professor  Gage. 
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79.  II.  Essentials  of  General  Animal  Pathology.  —  For  seniors; 
juniors  may  elect.  A  continuation  of  Course  78,  devoted  to  a  study  of  some 
of  the  common  pathological  conditions  by  means  of  prepared  sections,  the  aim 
being  to  demonstrate  to  the  student  abnormal  animal  histological  structures 
commonly  observed  when  material  from  various  cases  of  animal  diseases  is 
prepared  for  microscopical  study.  Some  of  the  biological  products  used  in 
protecting  animals  against  disease  are  considered. 

2  3-hour  laboratory  periods,  credit,  3. 
Professor  Gage. 
Prerequisite,  Veterinary  78. 

80.  III.  Essentials  of  General  Animal  Pathology.  —  For  seniors; 
juniors  may  elect.     As  stated  in  Courses  78  and  79. 

2  3-hour  laboratory  periods,  credit,  3. 
Professor  Gage. 
Prerequisite,  Veterinary  79. 

85.  I.  Avian  Pathology.  —  For  seniors;  juniors  may  elect.  A  course  in 
poultry  diseases.  The  object  is  to  present  information  concerning  the  common 
diseases  of  poultry,  their  etiology,  diagnosis  and  prevention.  Consists  of  a 
systematic  study  of  the  diseases  of  the  ahmentary  tract,  hver  and  abdominal 
region,  followed  by  a  study  of  the  diseases  of  the  respiratory  system,  circulation 
and  kidneys.  The  important  disease-producing  external  and  internal  parasites 
are  considered;  also  diseases  of  the  skin  and  reproductive  organs.  Lectures 
and  demonstrations. 

2  3-hour  laboratory  periods,  credit,  3. 
Professor  Gage. 

86.  II.  Avian  Pathology.  —  For  seniors;  juniors  may  elect.  As  stated 
under  Course  85,  also  devoted  to  the  study  of  some  of  the  special  diseases  of 
poultry.  Recent  methods  used  in  the  control  of  these  diseases  are  considered 
and  opportunity  offered  the  student  for  demonstrating  various  disease  processes 
by  means  of  prepared  shdes.    Lectures,  demonstrations  and  laboratory  work. 

2  3-hour  laboratory  periods,  credit,  3. 
Professor  Gage. 
Prerequisite,  Veterinary  85. 

87.  III.  Avian  Pathology.  —  For  seniors;  juniors  may  elect.  As  stated 
under  Courses  85  and  86. 

2  3-hour  laboratory  periods,  credit,  3. 
Professor  Gage. 
Prerequisite,  Veterinary  86. 

Zoology  and  Geology. 

Professor  Gordon,  Dr.  Abbott. 

The  facts  and  principles  of  the  sciences  of  zoology  and  geology  have  impor- 
tant applications  in  industry  and  the  arts,  and  with  those  of  their  sister  sciences 
form  a  body  of  knowledge  of  value  and  interest  with  which  the  educated  man 
finds  it  necessary  to  gain  a  close  famiharity.    The  elective  courses  in  this  depart- 
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ment  stand  as  offerings  to  students  who  wish  to  supplement  their  work  in  other 
departments,  or  who,  for  any  reason,  wish  to  enlarge  their  knowledge  in  either 
zoology  or  geology.  Students  are  encouraged  to  consult  the  department 
about  any  courses  which  may  be  available  to  them,  and  which  might  prove 
necessary  or  helpful  for  any  line  of  work  they  may  wish  to  follow. 

The  building  occupied  jointly  by  the  department  of  entomology  and  the 
department  of  zoology  and  geology  has  for  the  work  in  zoology  and  geology 
laboratories  equipped  with  gas,  compound  microscopes  and  the  accessories 
needed  for  study,  research  and  demonstration  in  these  subjects.  There  are 
two  lecture  rooms  used  jointly  by  the  two  departments.  The  Zoological 
Museum  has  a  representative  collection  of  several  thousand  specimens  of 
animals,  and  is  drawn  upon  for  material  illustrating  the  various  courses. 

Zoology. 

Required  Course. 
25.  I.  General  Principles  and  Teachings  of  Zoology.  —  Sophomores. 
An  introductory  course  in  which  some  of  the  basic  features  of  animal  structure, 
functions  of  organs  and  relations  of  animals  to  each  other  are  emphasized.  In 
the  laboratory  work  an  attempt  is  made  to  give  first-hand  knowledge  of  ani- 
mals as  a  means  to  a  better  understanding  of  some  modern  conceptions  that 
have  grown  out  of  zoological  science,  and  with  which  the  lectures  deal. 
2  class  hours.  2  2-hour  laboratory  periods,  credit,  4. 

Professor  Gordon  and  Dr.  Abbott. 

Elective  Courses. 
27.     III.     Elements  of   Mammalian  Anatomy.  —  Sophomores;    juniors 
and  seniors  may  elect.    An  introductory  course  which  aims  to  acquaint  the 
student  with  the  positions,  relations,  names  and  functions  of  the  principal 
organs  and  systems  of  organs  of  the  mammaUan  body. 
1  class  hour.  2  2-hour  laboratory  periods,  credit,  3. 

Professor  Gordon  or  Dr.  Abbott. 
Prerequisite,  Zoology  25. 

50.  I.  Synoptic  Invertebrate  Zoology.  —  Juniors;  seniors  may  elect. 
A  course  in  which  the  student  examines  and  compares  representatives  of  the 
various  phyla,  classes  and  orders  of  the  non-vertebrate  animals. 

1  class  hour.  2  2-hour  laboratory  periods,  credit,  3. 

Dr.  Abbott. 
Prerequisite,  Zoology  25. 

51.  II.  Synoptic  Invertebrate  Zoology.  —  Juniors;  seniors  may 
elect.    Continuation  of  Course  50. 

1  class  hour.  2  2-hour  laboratory  periods,  credit,  3. 

Dr.  Abbott. 
Prerequisite,  Zoology  50. 

52.  III.  Synoptic  Invertebrate  Zoology.- — Juniors;  seniors  may 
elect.    Continuation  of  Course  51. 

1  class  hour.  2  2-hour  laboratory  periods,  credit,  3. 

Dr.  Abbott. 
Prerequisite.  Zoology  51. 
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53.  I.  Elements  of  Microscopic  Technique.  —  Juniors;  seniors  may 
elect.  The  student  is  taught  the  usual  methods  of  preparing  material  for 
microscopic  examination,  including  embedding  in  paraffin  and  celloidin,  sec- 
tioning, and  differentiation  by  stains. 

2  2-hour  laboratory  periods,  credit,  3. 
Professor  Gordon. 

54.  n.  Histology.- — -Juniors;  seniors  may  elect.  A  microscopic  study 
of  selected  normal  animal  tissues  in  connection  with  their  physiological  prop- 
erties. 

1  class  hour.  2  2-hour  laboratory  periods,  credit,  3. 

Dr.  Abbott. 

75.  I.  Special  Zoology.  —  Juniors,  seniors  and  graduates  may  apply  for 
such  special  work  as  they  are  qualified  to  undertake. 

1  class  hour.  2  2-hour  laboratory  periods,  credit,  3. 

The  Department. 

76.  II.     Special  Zoology.  —  Same  as  Course  75. 

1  class  hour.  2  2-hour  laboratory  periods,  credit,  3. 

The  Department. 

77.  in.     Special  Zoology.  —  Same  as  Course  75. 

1  class  hour.  2  2-hour  laboratory  periods,  credit,  3. 

The  Department. 

79.  III.  Ornithology.  —  A  study  of  the  taxonomic  characters,  distribu- 
tion and  habits  of  birds. 

1  class  hour.  2  2-hour  laboratory  periods,  credit,  3. 

The  Department. 

Geology. 

2.  II.  Agricultural  Geology.  —  Freshmen.  An  elementary  course 
dealing  with  the  geology  of  soils,  fertiUzers,  underground  water,  etc. 

2  class  hours.  Credit,  2. 

Professor  Gordon. 

27.  III.  General  Geology.  —  Sophomores;  juniors  and  seniors  may 
elect.  A  course  in  the  physical  aspects  of  geology,  dealing  with  the  origin, 
arrangement  and  manifold  changes  of  the  materials  composing  the  earth's 
crust.    Excursions  by  arrangement. 

3  class  hours.  2  2-hour  laboratory  periods,  credit,  5. 

Professor  Gordon, 
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DIVISION    OF    THE    HUMANITIES. 

Professor . 

Economics  and  Sociology. 

Professor . 

Courses  In  1921-22,  given  by  Assistant  Professor  Parker,  Acting  Head  of  the  Department, 
assisted  by  Professor  Crook  of  Amherst  College,  and  Professor  Sims. 

[Heavy-faced  type  indicates  the  term  in  which  the  course  is  given.  Numbering  of  courses: 
1  to  24,  inclusive,  freshmen;  25  to  49,  inclusive,  sophomores;  50  to  74,  inclusive,  juniors;  75 
to  99,  inclusive,  seniors.] 

The  courses  in  economics  and  sociology  are  planned  with  the  purpose  of 
giving  the  student  that  knowledge  and  understanding  of  the  important  factors 
and  problems  in  this  field  of  study  and  life  which  every  active  citizen  and 
educated  man  ought  to  have. 

Elective  Courses. 
26.  II.  Civilizations,  Ancient  and  Modern.  —  For  sophomores; 
others  may  elect.  The  evolutionary  origin  and  history  of  man;  characteristics 
of  primitive  man,  departure  from  the  animal  status  and  beginnings  of  civiliza- 
tion; origin  and  development  of  industries,  arts  and  sciences;  the  evolution 
of  languages,  warfare,  migrations  and  social  institutions ;  a  study  of  the  power- 
ful natural  and  human  forces  that  have  brought  man  from  the  early  stages  to 
modern  development;  characteristic  features  of  the  leading  civihzations  and 
races  of  ancient  and  modern  times;  beneficial  and  dangerous  factors  in  Ameri- 
can hfe  in  view  of  the  history  of  human  civihzation. 

5  class  hours.  Credit,  5. 

Assistant  Professor  Parker. 

50.  II.  Business  and  Industry.  —  For  juniors  and  seniors.  The  forms, 
organization,  administration  and  labor  problems  of  business.  Methods  of 
organizing,  financing  and  administering  corporations  and  partnerships;  forms 
of  business  administration,  wholesaling,  jobbing,  retailing,  advertising,  credits 
and  collections;  systems  of  industrial  remuneration  for  wage  earners,  co- 
operation and  preserving  industrial  peace;  problems  concerned  with  protective 
legislation  for  workmen  and  emploj^ers,  sweated  industries,  prison  labor,  child 
labor  and  industrial  education. 

5  class  hours.  Credit,  5. 

Assistant  Professor  Parker. 

51.  I.  Introduction  to  Economic  Principles  and  Problems.  —  For 
juniors.  Definitions  of  economic  terms,  such  as  wealth,  capital,  value,  etc.; 
factors  of  production,  exchange  and  consumption;  principles  of  economic 
production,  supply  and  demand,  diminishing  returns,  division  of  labor,  pro- 
ductive organization,  concentration  of  capital  and  labor,  trust  and  monopoly 
problems,  pubUc  control  of  production  and  distribution;  principles  of  ex- 
change, theories  of  value,  money  and  its  problems;  international  trade,  tariff 
and  free  trade  theories,  American  merchant  marine,  reciprocity,  and  trade 
treaties;   forms  of  income,  wages,  interest,  rent,  profits  and  the  forces  which 
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govern  them;  principle?  of  spending,  economy,  luxury,  conservation  of  indi- 
vidual and  national  resources;  principles  and  agencies  for  saving,  investments, 
banks,  building  associations,  insurance  of  all  kinds;  schemes  for  social  or- 
ganization; socialism,  communism,  industrial  democracy.  Textbook  and 
readings. 
5  class  hours.  Credit,  5. 

Professor  Crook.       ki 

1 

75.     I.     Social  Institutions  and  Social  Reforms.  —  For  seniors;   jun-  ~ 

iors  by  permission.  Social  institutions,  such  as  the  family,  the  State,  property, 
religions;  and  such  current  problems  as  eugenics,  race  suicide,  divorce, 
crime  and  delinquent  classes,  prison  reform,  prevention  and  treatment  of 
dependents  and  defectives,  poverty,  its  causes  and  preventions;  constructive 
modern  social  reform  movements  for  insurance  of  wage  earners,  protection  of 
childhood,  assurance  of  safety,  health  and  play  time  for  aU  classes.  The  cor- 
rectional and  charitable  institutions  of  Massachusetts  are  studied  in  consider- 
able detail. 

5  class  hours.  Credit,  5. 

Professor  Sims. 

77.  III.  Public  Finance,  Taxation,  Monet  and  Banking.  —  For 
seniors.  Systems  and  problems  of  taxation  as  they  are  found  in  Europe  and 
America;  objects  for  spending  pubhc  revenue;  public  debts  and  methods  of 
organizing  them;  systems  of  money  and  currency  problems  of  America;  types, 
methods  and  functions  of  banks;  economic  and  financial  crises  and  depressions 
in  the  United  States;  modern  war  finance.  Readings  and  lectures. 
5  class  hours.  Credit,  5» 

Assistant  Professor  Parker. 

History  and  Government. 

Elective  Courses. 
50.  III.  Government.  —  For  juniors;  seniors  may  elect.  Forms  and 
working  methods  of  the  governments  of  Great  Britain,  Germany,  France, 
Russia,  Switzerland,  New  Zealand  and  Canada;  historic  types  and  theories 
of  government;  forms  and  methods  of  Federal,  State  and  local  go-'^ernments 
in  America;  progress  and  problems  of  democracy  and  new  reform  movements 
in  organization  and  administration;  new  tendencies  towards  social  legislation 
and  extension  of  governmental  control. 

5  class  hours.  Credit,  5. 

Assistant  Professor  Parker. 

54.  I.  Modern  European  History.  —  Juniors;  seniors  may  elect. 
The  modern  history?  of  the  principal  countries  of  Europe,  especially  the  great 
movements  and  revolutions  that  developed  the  nations  up  to  the  present 
generation. 

3  class  hours.  Credit,  3. 

Assistant  Professor  Parker. 

79.  II.  European  History  Since  1870.  —  For  seniors;  juniors  may 
elect.  The  Franco-Prussian  War  and  the  formation  of  the  German  Empire, 
the  unification  of  Italy,  the  Third  French  Republic,  European  Expansion  in 
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the  East,  the  Russo-Japanese  War,  and  the  origin,  events  and  probable  results 
of  the  War  of  1914.  While  a  continuation  of  Course  54,  this  course  will  be 
complete  in  itself,  and  may  be  elected  by  those  who  have  had  no  history  train- 
ing. Its  aim  is  to  provide  the  basis  for  an  understanding  of  present-day  con- 
ditions, and  for  an  intelhgent  participation  in  world  affairs. 
3  class  hours.  Credit,  3. 

Assistant  Professor  Parker. 

Languages  and  Literature. 

Professor  Lewis,  Professor  Patterson,  Professor  Mackimmie,  Professor  Ashley,  Assistant 
Professor  Prince,  Assistant  Professor  Julian,  Assistant  Professor  Rand,  Miss  Goessmann, 
Mr.  Thissell,  Mr.  Boghoi/t. 

English. 
Required  Courses. 
1.    I.    2.    II.    3.    III.    English.  —  Freshmen.    Composition.     Intended 
to  teach  straight   thinking,  sound  structure,  clear  and  correct  expression. 
Lectures,  recitations,  theme  writing  and  conferences. 

3  class  hours  each  term.  Credit,  3  each  term. 

Professors  Patterson,  Prince  and  Rand. 

25.  I.  26.  II.  27.  III.  English.  —  Sophomores.  A  general  reading 
course  in  English  literature. 

2  class  hours  each  term.  Credit,  2  each  term. 

Professor  Lewis  and  Miss  Goessmann. 

Elective  Courses  in  English  Language  and  Literature. 

50.  I.  English  Poetry  of  the  Romantic  Period  (1921-22).  —  Al- 
ternates with  course  53.  For  juniors;  seniors  may  elect.  A  course  in  history, 
appreciation  and  understanding.  Some  of  the  writers  studied  are  Gray,  Gold- 
smith, Burns,  Scott,  Wordsworth,  Coleridge,  Byron,  Keats  and  Shelley. 

3  class  hours.  Credit,  3. 

Professor  Patterson. 

51.  II.  English  Poetry  in  the  Nineteenth  Century.  —  Alternates 
with  Course  54.  For  juniors;  seniors  may  elect.  In  general,  this  course  is  like 
Course  50.  Tennyson,  Browning,  Mrs.  Browning,  Arnold,  Clough,  the  Ros- 
settis,  Morris,  Swinburne  and  others. 

3  class  hours.  Credit,  3. 

Professor  Le^\is. 

57.    III.     English  Poetry  in  the  Nineteenth  Century.  —  Alternates 
with  Course  58.    For  juniors;  seniors  may  elect.    As  stated  under  Course  51. 
3  class  hours.  Credit,  3. 

Professor  Lewis. 

52.  III.  English  Writers  from  Milton  to  Pope.  —  For  juniors; 
seniors  may  elect.  A  survey  course  that  emphasizes  the  leading  writers, 
literary  currents  and  the  thought  of  the  period.  Some  of  the  writers  studied 
are  Milton,  Dryden,  Addison,  Swift  and  Pope. 

3  class  hours.  Credit,  3. 

Professor  Patterson. 
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53.     I.     English  Prose  of  the  Romantic  Period.  —  For  juniors;  seniors 
may  elect.     A  course  in  English  prose  paralleling  Course  51.     Some  of  the 
writers  studied  are  Goldsmith,  Coleridge,  Lamb,  DeQuincey  and  Hazlitt. 
3  class  hours.  Credit,  3. 

Professor  Patterson. 


54.     II.     English  Prose  in  the  Nineteenth  Century  (1921-22).  —  For 
juniors;  seniors  may  elect.    Parallels  Course  51.    Among  the  writers  considered 
will  be  Macaulay,  Carlyle,  Ruskin,  Newman  and  Arnold. 
3  class  hours.  Credit,  3. 

Professor  Lewis. 


58.    III.     English  Prose  in  the  Nineteenth  Century  (1921-22).  — 
For  juniors;  seniors  may  elect.    As  stated  under  Course  54. 
3  class  hours.  Credit,  3. 

Professor  Lewis. 


55.  II.  American  Literature.  —  For  juniors;  seniors  may  elect.  A 
general  survey  of  Uterature  in  America,  especially  m  the  nineteenth  century, 
with  an  introduction  to  the  work  of  the  best  known  writers,  and  with  especial 
attention  to  the  relations  between  national  hf  e  and  history  and  national  thought 
as  expressed  in  hterature.  The  usual  authors  —  Irving,  Cooper,  Bryant,  Poe, 
Longfellow,  Emerson,  Hawthorne,  Whittier,  Parkman,  Lowell,  Holmes,  Whit- 
man, Lanier  —  are  discussed. 

3  class  hours.  Credit,  3. 

Assistant  Professor  Prince. 


56.     III.     American  Literature.  —  For  juniors;   seniors  may  elect.    As 
stated  under  Course  55. 
3  class  hours.  Credit,  3. 

Assistant  Professor  Prince. 
Prerequisite,  English  55. 

60.  I.  The  Literature  of  Rural  Life.  —  For  juniors;  seniors  may 
elect.  A  critical  and  appreciative  study  of  writers,  both  in  prose  and  poetry, 
who  have  interpreted  nature  from  the  viewpoint  of  the  lover  of  country  life, 
and  those  who  have  ideahzed  agriculture,  horticulture  and  other  rural  pur- 
suits, together  with  those  who  have  upheld  as  an  ideal  the  development  of  a 
rural  environment  in  cities. 

3  class  hours.  Credit,  3 

Miss  Goessmann. 

61.  II.  The  Literature  of  Rural  Life.  —  For  juniors;  seniors  may 
elect.    As  stated  under  Course  60. 

3  class  hoursi  Credit,  3. 

Miss  Goessmann. 
Prerequisite,  English  60. 
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75.    III.     Prose  Fiction.  —  The  short  story  or  the  novel.  For  seniors; 
juniors  may  elect.    Readings,  reports  and  discussions. 

3  class  hours  or  library  equivalents.  Credit,  3. 


79.  II.  The  Drama.  —  For  seniors;  juniors  may  elect.  A  cursory  sur- 
vey of  early  English  drama,  its  origin,  forms  and  meaning,  will  be  followed  by 
a  careful  study  of  Shakespeare.  Two  of  his  plays  are  analyzed  in  detail,  and 
many  others  read  and  discussed. 

3  class  hours.  Credit,  3. 

Assistant  Professor  Rand. 

80.  III.  The  Drama.  —  For  seniors;  juniors  may  elect.  Traces  the 
development  of  modern  drama,  especial  attention  being  given  to  plays  by 
Congreve,  Goldsmith,  Sheridan,  Robertson,  Jones,  Pinero,  Fitch,  Shaw,  Moody 
and  Ibsen. 

3  class  hours.  Credit,  3. 

Assistant  Professor  Rand. 

Applied  English  —  Rural  Journalism. 
The  courses  in  rural  journalism  have  two  chief  aims:  first,  to  turn  the 
student's  attention  toward  matters  of  contemporary  concern;  second,  to 
provide  training  for  students  who  may  wish  to  enter  journaUsm  (especially 
agricultural  or  industrial  journahsm  or  non-urban  newspaper  work),  or  who 
are  preparing  for  the  numerous  other  vocations  in  which  acquaintance  with 
newspaper  practices  and  requirements  is  of  value.  All  of  the  courses  afford 
constant  practice  in  writing.  So  far  as  conditions  permit,  instruction  is  largely 
individual. 

50.  I.  Advanced  Composition.  —  For  juniors;  seniors  may  elect.  Ad- 
vanced work  in  expository  writing  based  upon  specimens  by  contemporary 
authors  and  upon  the  personal  experience  of  the  student.  Particular  atten- 
tion is  given  to  organization,  diction  and  style. 

Credit,  3. 
Assistant  Professor  Rand. 

51.  II.  Advanced  Composition.  —  For  juniors;  seniors  may  elect. 
Work  in  journalistic  and  fictional  narrative  with  supplementary  reading. 

Credit,  3. 
Assistant  Professor  Rand. 

52.  III.  Advanced  Composition.  —  For  juniors;  seniors  may  elect. 
The  preparation  of  theses  and  similar  manuscripts  along  such  fines  as  the 
students  may  desire.     Clearness  and  readabifity  are  the  ends  to  be  attained. 

Credit,  3. 
Assistant  Professor  Rand. 

53.  I.  54.  II.  55.  III.  News-gathering  and  News-writing.  — 
For  juniors;  seniors  may  elect.  The  foundation  aims  and  conceptions  of 
journafism;  reporting.  Courses  53,  54  and  55  are  suited  to  students  whose 
vocation  may  require  the  popular  presentation  of  technical  or  other  informa- 
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tion;  e.g.,  extension  workers,  county  agents,  agricultural-school  instructors, 
experiment-station  editors,  survey  and  other  social-service  workers,  men  en- 
gaged in  sociological  or  economic  investigations,  landscape  architects  and  civil 
and  sanitary  engineers. 

6  laboratory  hours  or  class  equivalents,  credit,  3. 


77.  I.  78.  II.  79.  III.  Editorial  Materials  and  Methods.  —  For 
seniors;  juniors  may  elect.  Readings,  quizzes,  reports  and  personal  con- 
ferences; reading  of  daily  papers  and  weekly  reviews  or  rural-life  periodicals; 
writing  of  editorial  articles.  Recommended  to  students  who  desire  practice 
in  discovering  the  significant  aspects  of  matters  of  pubhc  attention  and  in 
effectively  expressing  comment  thereon. 

6  laboratory  hours  or  class  equivalents,  credit,  3. 


80.    I.    81.    II.    82.    III.    Advanced  Journalistic  Practice.  —  Seniors. 
Preparation,  editing  and  pubHcation  in  a  newspaper  of  a  rural-hfe  page. 

8  or  10  laboratory  hours,  credits,  4  or  5. 


Public  Speaking. 
Required  Course. 
1.     I,   II  and  III.     Public  Speaking.  —  Freshmen.     Pubhc   speaking  is 
required  in  the  first,  second  or  third  term,  at  the  option  of  the  instructor.    The 
course  is  concerned  with  the  actual  problems  which  confront  the  man  who 
would  speak  convincingly  and  persuasively.     Much  attention,  therefore,  is 
given  to  the  preparation  and  delivery  of  extempore  speeches. 
1  class  hour.  Credit,  1. 

Professors  Patterson,  Prince  and  Rand. 

Elective  Courses. 

50.  I.  Argumentation.  —  For  juniors;  seniors  may  elect.  Presents  the 
fundamental  principles  of  argumentation  as  apphed  to  oral  and  written  dis- 
course, and  develops  in  the  student  power  to  handle  argument  convincingly 
and  persuasively.  Lectures,  discussions  of  leading  questions  of  the  day, 
practice  in  brief-drawing  and  the  writing  of  forensics.  The  course  is  recom- 
mended for  those  who  desire  to  enter  the  intercollegiate  debates. 

3  class  hours.  Credit,  3. 

Assistant  Professor  Prince. 
Prerequisites,  Public  Speaking  1,  2  or  3. 

51.  II.  Occasional  Oratory.  —  For  juniors;  seniors  may  elect.  A 
study  of  the  elements  of  vocal  expression  and  action;  speeches  on  assigned 
subjects;  prescribed  reading;  the  preparation  and  delivery  of  several  formal 
orations.  Textbook,  Shurter's  "The  Rhetoric  of  Oratory."  The  course  is 
recommended  for  those  who  wish  to  enter  the  Fhnt  contest. 

3  class  hours.  Credit,  3. 

Assistant  Professor  Prince. 
Prerequisites,  Pubhc  Speaking  1,  2  or  3. 
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French  and  Spanish. 

Professor  Mackimmie,  Mr.  Thissell. 


The  aim  of  the  courses  in  French  and  Spanish  is  to  give  the  student  a  prac- 
tical knowledge  of  these  languages  for  the  purpose  of  wider  reading  and  re- 
search, to  introduce  him  to  some  of  their  treasures  in  art  and  science,  and 
through  the  Uterature  to  acquaint  him  with  the  people.  In  the  elementary- 
courses  as  much  time  as  possible  is  given  to  oral  work,  to  develop  a  speaking, 
as  well  as  a  reading,  knowledge  of  the  tongue. 

French. 
Required  Courses. 
1.    I.     2.     II.     3.     III.     Elementary  French.  —  Freshmen;  open  upon 
arrangement  to  other  students.    The  essentials  of  grammar  are  rapidly  taught 
and  will  be  accompanied  by  as  much  reading  as  possible.    Required  of  fresh- 
men presenting  German  for  entrance  who  do  not  continue  that  language  and 
have  not  studied  French. 
3  class  hours  each  term.  Credit,  3  each  term. 


4.    I.    5.    II.    6.    in.    Intermediate  French.  —  Freshmen;  open  upon 
arrangement  to  other  students.    Training  for  rapid  reading.    The  reading  of 
a  number  of  short  stories,  novels  and  plays;  composition,  reports  on  collateral 
reading  from  periodicals  and  scientific  texts  in  the  library. 
3  class  hours  each  term.  Credit,  3  each  term. 

Professor  Mackimmie. 
Prerequisite,  required  of  freshmen  who  present  two  years  of  French  for  en- 
trance and  do  not  take  German. 

Elective  Courses. 

25.  I.  Intermediate  French.  —  For  sophomores;  open  upon  arrange- 
ment to  other  students.  Training  for  rapid  reading;  the  reading  of  a  number 
of  short  stories,  novels  and  plays;  readings  from  periodicals  and  scientific  texts 
in  the  library. 

3  class  hours.  Credit,  3. 

Professor  Mackimmie. 
Prerequisites,  French  1,  2  and  3. 

26.  II.  Intermediate  French.  —  For  sophomores;  open  upon  arrange- 
ment to  other  students.     As  stated  under  Course  25. 

3  class  hours.  Credit,  3. 

Professor  Mackimmie. 
Prerequisite,  French  25. 

27.  III.  Intermediate  French.  —  For  sophomores;  open  upon  arrange- 
ment to  other  students.     As  stated  under  Course  25. 

3  class  hours.  Credit,  3. 

Professor  Mackimmie. 
Prerequisite,  French  26. 
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28.  I.  Advanced  French.  —  For  sophomores;  open  upon  arrangement 
to  other  students.  A  reading  course.  Balzac's  "Eugenie  Grandet"  and  "Le 
Pere  Goriot,"  and  other  masterpieces  of  the  nineteenth  century;  BrunetiSre's 
"Honor^  de  Balzac"  and  Harper's  "Masters  of  French  Literature;"  readings 
in  the  library  and  written  reports. 
3  class  hours.  "  Credit,  3. 


Prerequisites,  French  4,  5  and  6. 

29.     II.     Advanced  French.  —  For  sophomores;   open  upon  arrangement 
to  other  students.     As  stated  under  Course  28. 
3  class  hours.  Credit,  3. 


Prerequisites,  French  4,  5  and  6. 

30.     III.     Advanced  French.  —  For  sophomores;    open  upon   arrange- 
ment to  other  students.     General  view  of  the  history  of  French  literature; 
Kastner  and  Atkins'  "History  of  French  Literature."     Representative  works 
of  the  important  periods.    Outside  reading. 
3  class  hours.  Credit,  3. 


Prerequisites,  French  25  and  26,  or  French  28  and  29. 

50.  I.  Scientific  French.  • — -For  juniors;  seniors  may  elect.  Meets  the 
requirements  of  individual  students  and  equips  them  with  exact  English 
equivalents  for  the  French  scientific  terms  in  their  particular  science.  Word 
lists  of  scientific  terms  are  required,  and  also  weekly  readings  and  reports  from 
scientific  works  in  the  subject  in  which  they  are  majoring.  Several  scientific 
works  are  read. 
3  class  hours.  Credit,  3. 


Prerequisites,  French  4,  5  and  6,  or  French  25,  26  and  27. 

5L     II.     Scientific    French.  —  For    juniors;     seniors    may    elect.      As 
stated  under  Course  50. 
3  class  hours.  .  Credit,  3. 


Prerequisites,  French  4,  5  and  6,  or  French  25,  26  and  27. 

52.     III.     Scientific   French.  —  For   juniors;     seniors   may   elect.     As 
stated  under  Course  50. 
3  class  hours.  Credit,  3. 


Prerequisites,  French  4,  5  and  6,  or  French  25,  26  and  27. 

75.     I.     French   Literature.  —  For  seniors;    juniors   may  elect.     The  J 
object  of  Courses  75,  76  and  77  is  to  give  an  introduction  to  recent  movements 
in  French  Hterature.    Course  75  deals  with  the  drama,  and  plays  by  Augier, 
A.  Dumas  fils,  Delavigne  and  other  contemporary  dramatists. 
2  class  hours.  Credit,  2. 

Professor  Mackimmie. 
Prerequisites,  French  4,  5  and  6,  or  French  25,  26  and  27. 
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76.  II.  French  Literature.  —  For  seniors;  juniors  may  elect.  The 
novel.  Works  by  Flaubert,  the  De  Goncourts  and  Zola  are  read.  Written 
reports  are  required  on  outside  reading. 

2  class  hours.  Credit,  2. 

Professor  Mackimmie. 
Prerequisites,  French  4,  5  and  6,  or  French  25,  26  and  27. 

77.  III.  French  Literature.  —  For  seniors;  juniors  may  elect.  Mod- 
ern criticism.  Sainte-Beuve,  "Causeries  du  Lundi"  (Harper)  and  works  by 
Taine  and  Renan.  Reference  book,  Lanson's  "Histoire  de  ]a  Litt^rature 
Frangaise." 

2  class  hours.  Credit,  2. 

Professor  Mackimmie. 
Prerequisites,  French  4,  5  and  6,  or  French  25,  26  and  27. 

Spanish. 
Elective  Courses. 

50.  I.  Elementary  Spanish.  —  For  juniors;  seniors  may  elect.  Open 
to  other  students  upon  arrangement.  Grammar,  with  special  drill  in  pronun- 
ciation; exercises  in  conversation  and  composition.  Reading  from  a  reader 
and  selected  short  stories. 

3  class  hours.  Credit,  3. 

Professor  Mackimmie. 

51.  II.  Elementary  Spanish.  —  For  juniors;  open  to  other  students 
upon  arrangement.    As  stated  in  Course  50. 

3  class  hours.  Credit,  3. 

Professor  Mackimmie. 
Prerequisite,  Spanish  50. 

52.  III.  Elementary  Spanish.  —  For  juniors;  open  to  other  students 
upon  arrangement.    As  stated  in  Course  50. 

'  3  class  hours.  Credit,  3. 

Professor  Mackimmie. 
,  Prerequisite,  Spanish  51. 

75.  I.  Modern  Spanish  Authors.  —  Seniors.  Reading  from  modern 
Spanish  novel  and  drama.  Translation  of  Enghsh  into  Spanish.  Private 
reading. 

2  class  hours.  Credit,  2. 

Professor  Mackimmie. 
Prerequisite,  Spanish  52. 

76.  II.  Modern  Spanish  Authors.  —  Seniors.  As  stated  in  Course  75. 
2  class  hours.  Credit,  2. 

Professor  Mackimmie. 
Prerequisite,  Spanish  75. 

77.  III.  Modern  Spanish  Authors.  —  Seniors.  As  stated  in  Course  75. 
2  class  hours.  Credit,  2. 

Professor  Mackimmie. 
Prerequisite,  Spanish  76. 
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German  and  Music. 

Professor  Ashley,  Assistant  Professor  Julian. 

German. 

The  courses  in  German  are  intended  to  give  the  student  a  reading 
knowledge  of  the  language  and  to  introduce  to  him  some  of  the  masterpieces 
of  German  literature.  To  the  student  interested  in  pursuing  advanced  read- 
ing in  scientific  German,  opportunity  is  given  to  do  corollary  reading  in  his 
major  subject,  in  collaboration  with  the  head  of  that  department. 

Required  Courses. 
1.  I.  2.  II.  3.  III.  Elementary  German.  —  Freshmen;  open  upon 
arrangement  to  other  students.  Grammar,  composition  and  reading.  Especial 
attention  is  given  to  oral  work  in  German  and  to  translation  of  Enghsh  into 
German.  Required  of  those  presenting  French  for  entrance  who  do  not  con- 
tinue that  language  and  have  not  studied  German. 

3  class  hours  each  term.  Credit,  3  each  term. 

Professors  Ashley  and  Julian. 

4.    I.    5.    II.    6.    III.    Intermediate  German.  —  Freshmen;  open  upon 
arrangement  to  other  students.    Selected  works  of  Schiller,  Heine  and  Goethe. 
Grammar  review  and  advanced  prose  composition. 
3  class  hours  each  term.  Credit,  3  each  term. 

Professor  Ashley. 
Prerequisite,  required  of  freshmen  who  present  two  years  of  German  for 

entrance  and  do  not  take  French. 

Elective  Courses. 

25.  I.  Intermediate  German.  —  For  sophomores;  open  upon  arrange- 
ment to  other  students.  Reading  of  such  works  as  Sudermann's  "  Frau  Sorge," 
"Wilhelm  Tell,"  "Die  Journahsten,"  etc.     Grammar  review. 

3  class  hours.  Credit,  3. 

Assistant  Professor  Julian. 
Prerequisites,  German  1,  2  and  3. 

26.  II.  Intermediate  German.  —  For  sophomores;  open  upon  arrange- 
ment to  other  students.     As  stated  under  Course  25. 

3  class  hours.  Credit,  3. 

Assistant  Professor  Julian. 
Prerequisite,  German  25. 

27.  III.  Intermediate  German.  —  For  sophomores;  open  upon  ar- 
rangement to  other  students.     As  stated  under  Course  25. 

3  class  hours.  Credit,  3. 

Assistant  Professor  Julian. 
Prerequisite,  German  26. 
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28.  I.  Advanced  German.  —  For  sophomores;  open  upon  arrangement 
to  other  students.  Reading  and  studying  of  Goethe's  most  important  Uterary 
productions. 

3  class  hours.  Credit,  3. 

Professor  Ashley. 
Prerequisites,  German  4,  5  and  6. 

29.  II.  Advanced  German.  —  For  sophomores;  open  upon  arrangement 
to  other  students.  Development  of  the  German  novel;  rapid  reading  of 
great  novehsts. 

3  class  hours.  Credit,  3. 

Professor  Ashley. 
Prerequisite,  German  28. 

30.  III.  Advanced  German.  —  For  sophomores;  open  upon  arrange- 
ment to  other  students.     As  stated  under  Course  29. 

3  class  hours.  Credit,  3. 

Professor  Ashley. 
Prerequisite,  German  29. 

50.  I.  Scientific  German.  —  For  juniors;  seniors  may  elect.  Reading 
in  German  of  modern  magazine  articles  and  works  of  a  scientific  nature.  Dif- 
ferent work  assigned  according  to  needs  of  individual  students. 

3  class  hours.  Credit,  3. 

Professor  Ashley. 
Prerequisites,  German  4,  5  and  6,  or  German  25,  26  and  27. 

51.  II.  Scientific  German.  —  For  juniors;  seniors  may  elect.  As 
stated  under  Course  50. 

3  class  hours.  Credit,  3. 

Professor  Ashley. 
Prerequisite,  German  50. 

52.  III.  Scientific  German.  —  For  juniors;  seniors  may  elect.  As 
stated  under  Course  50. 

3  class  hours.  Credit,  3. 

Professor  Ashley. 
Prerequisite,  German  51, 

75.  I.  German  Literature.  —  Seniors.  Advanced  language  and  literary 
study.  Conducted  entirely  in  German.  Lectures  on  German  hterature  and 
history;  hfe,  customs  and  travel  in  Germany.  Collateral  readings,  including 
masterpieces  of  different  epochs,  such  as  "NiebelungenUed,"  Goethe's  "Faust" 
and  one  modern  typical  drama. 

3  class  hours.  Credit,  3. 

Professor  Ashley. 
Prerequisites,  German  28,  29  and  30. 

76.  II.  German  Literature.  —  Seniors.  As  stated  under  Course  75. 
3  class  hours.  Credit,  3. 

Professor  Ashley. 
Prerequisite,  German  75, 


^ 
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77.  III.  German  Literature.  —  Seniors.  As  stated  under  Course  75. 
3  class  hours.  Credit,  3. 

Professor  Ashley. 
Prerequisite,  German  76.  ^ 

4 

78.  I.  Conversation  and  Composition.  —  For  seniors;  juniors  may 
elect.  Translating  connected  English  into  German.  Reproducing  outside 
readings  in  German  orally  in  class. 

1  class  hour.  Credit,  1. 

Professor  Ashley. 
Prerequisites,  German  4,  5  and  6,  or  German  25,  26  and  27. 

79.  II.  Conversation  and  Composition.  — ■  For  seniors;  juniors  may 
elect.     As  stated  under  Course  78. 

1  class  hour.  Credit,  1. 

Professor  Ashley. 
Prerequisite,  German  78. 

80.  III.  Conversation  and  Composition.  —  For  seniors;  juniors  may 
elect.     As  stated  under  Course  78. 

1  class  hour.  Credit,  1. 

Professor  Ashley. 
Prerequisite,  German  79. 

Music. 
Elective  Courses. 

50.  I.  History  and  Interpretation  of  Music.  —  For  juniors;  seniors 
may  elect.  History  of  music  among  the  ancients;  medieval  and  secular  music; 
epoch  of  vocal  counterpoint;  development  of  monophony  opera  and  oratorio; 
life  and  works  of  the  greatest  representatives  of  the  classical  school,  —  Bach, 
Handel,  Haydn,  Gluck  and  Mozart. 

1  class  hour.  Credit,  1. 

Professor  Ashley. 

51.  II.  History  and  Interpretation  of  Music.  —  For  juniors;  seniors 
may  elect.  A  continuation  of  Course  50.  The  Romantic  school;  Beethoven, 
Schubert,  Weber,  Mendelssohn,  Schumann,  Chopin,  Berlioz  and  Liszt;  Wagner 
and  the  opera. 

1  class  hour.  Credit,  1. 

Professor  Ashley. 

52.  III.  History  and  Interpretation  op  Music.  —  For  juniors;  seniors 
may  elect.     The  Modern  school  and  Modern  composers. 

1  class  hour.  Credit,  1. 

Professor  Ashley. 
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DIVISION    OF    RURAL    SOCIAL    SCIENCE. 

President  Butterpield. 

[Heavy-faced  type  indicates  the  term  in  which  the  course  ia  given.  Numbering  of  courses 
1  to  24,  inclusive,  freshmen;  25  to  49,  inclusive,  sophomores;  50  to  74,  inclusive,  juniors;  75  to 
99,  inclusive,  seniors.] 

Agricultural  Economics. 

Professor  Cancb,  Assistant  Professor  Sawtelle,  Mr.  Maginnis,  Professor  Hart. 

Instruction  in  agricultural  economics  is  designed  to  show  that  the  agri- 
cultural industry  justifies  its  existence  chiefly  as  a  supplier  of  food  and  raw 
textile  materials  for  human  consumption;  that  agricultural  success  is  measured 
by  production  of  values  rather  than  by  production  of  volume  of  agricultural 
products;  that  the  goal  of  the  farmer  is  the  largest  net  profit  over  a  long- 
time period;  that  agricultural  production  includes  all  processes  from  pur- 
chase of  seed  and  fertihzer  and  preparation  of  seedbed  until  the  product 
reaches  the  consumer,  including  collection,  transportation,  storage,  financing, 
packing,  handhng  and  seUing;  that  a  knowledge  of  the  business  of  agri- 
culture and  agricultural  commerce  is  to-day  more  necessary  than  a  knowledge 
of  agricultural  technique. 

The  work  of  this  department  is  conducted  by  means  of  lectures,  readings 
and  research  in  both  Mbrary  and  field.  A  catalogue,  now  containing  some 
12,000  cards,  covering  the  various  phases  of  agricultural  economics,  is  main- 
tained. The  department  is  also  suppHed  with  a  large  collection  of  maps, 
charts  and  statistical  reports  on  the  prices  and  supply  of  agricultural  prod- 
ucts. A  goodly  number  of  regular  reports  of  the  Bureau  of  Markets  and  other 
divisions  of  the  United  States  Department  of  Agriculture  are  available  for  the 
use  of  students.  Two  series  of  bound  volumes  of  bulletins  are  kept  in  the 
department  offices,  with  duphcate  series  in  the  college  Mbrary;  one  series 
already  contains  12  volumes  on  "Co-operation  in  Agriculture,"  and  the  other, 
15  volumes  on  "Marketing  of  Farm  Products." 

Required  Course. 
26.  II.  Agricultural  Industry  and  Resources.  —  Sophomores.  A 
descriptive  course  dealing  with  agriculture  as  an  industry  and  its  relation  to 
physiography,  movement  of  population,  supply  of  labor,  commercial  develop- 
ment, transportation,  pubHc  authority  and  consumers'  demand.  The  princi- 
pal agricultural  resom-ces  of  the  United  States  are  studied  with  reference  to 
commercial  importance,  geographical  distribution,  present  condition  and 
means  of  increasing  the  value  of  the  product  and  cheapening  cost  of  produc- 
tion. Lectures,  assigned  readings,  class  topics  and  discussions. 
4  class  hours.  1  2-hour  laboratory  period,  credit,  5. 

Mr.  Maginnis  and  Professor  Cance. 

Elective  Courses. 
50.    I.     Elements  op  Agricultural  Economics.  —  For  juniors;   seniors 
may  elect.    Designed  to  accompany  or  follow  the  course  in  elements  of  econom- 
ics.   Deals  with  the  economic  principles  underlying  the  weKare  and  prosperity 
of  the  farmer  and  those  institutions  upon  which  his  economic  success  depends; 
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the  economic  elements  in  the  production  and  distribution  of  agricultural 
wealth;  means  of  exchange;  principles  of  rural  credit;  problems  of  land 
tenm"e  and  land  values;  taxation  of  farm  property;  and  the  maintenance  of 
the  economic  status  of  the  farmer.  Lectures,  text,  readings,  topics  and  field 
work. 

5  class  hours.  Credit,  5. 

Professor  Cance. 

51.  III.  HiSTOKiCAL  AND  COMPARATIVE  Agricultuee.  —  For  juniors; 
seniors  may  elect.  A  general  survey  of  agriculture,  ancient  and  modem;  feudal 
and  early  English  husbandry;  the  later  development  of  EngUsh  agriculture; 
the  course  of  agriculture  in  the  United  States,  with  special  emphasis  on  the 
development  of  agriculture  in  New  England.  An  attempt  is  made  to  measure 
the  influence  of  times,  peoples  and  countries  in  producing  different  systems  of 
agriculture,  and  to  ascertain  the  causes  now  working  to  effect  agricultural 
changes.  Lectures,  readings  and  hbrary  work.  Students  in  education  and 
rural  journaHsm  should  find  this  course  helpful. 

5  class  hours.  Credit,  5. 

Assistant  Professor  Sawtelle. 

52.  II.  Co-operation  in  Agriculture.  —  For  juniors;  seniors  may 
elect.  The  history,  principles  and  business  relations  of  agricultural  co-operar 
tion.  (1)  A  survey  of  the  development,  methods  and  economic  results  of 
farmers'  organizations  and  great  co-operative  movements;  (2)  the  business 
organization  of  agriculture  abroad,  and  the  present  aspects  and  tendencies  in 
the  United  States;  (3)  the  principles  underlying  successful  co-operative  en- 
deavor among  farmers,  practical  working  plans  for  co-operative  associations, 
with  particular  reference  to  credit  and  purchase  and  the  marketing  of  perishable 
products.    Lectures,  text,  assigned  readings  and  practical  exercises. 

5  class  hours.  Credit,  5. 

Professors  Cance  and  Sawtelle. 

53.  III.  The  Agricultural  Market. — For  jimiors;  seniors  and  graduate 
students  may  elect.  A  study  of  the  forces  and  conditions  which  deter- 
mine the  prices  of  farm  products  and  the  mechanism,  methods  and  problems 
concerned  with  transporting,  storing  and  distributing  them.  Supply  and 
demand,  course  of  prices,  terminal  facihties,  the  middleman  system,  speculation 
in  agricultural  products,  protective  legislation,  the  retail  market  and  direct 
sales  are  taken  up.  The  characteristics  and  possibilities  of  the  New  England 
market  are  given  special  attention.  Lectures,  readings,  assigned  studies  and 
field  work. 

5  class  hours.  Credit,  5. 

Professor  Cance. 

75.  II.  Rural  and  Business  Law.  —  For  seniors;  juniors  may  elect. 
Land,  titles,  public  roads,  rights  incident  to  ownership  of  Uve  stock,  contracts, 
commercial  paper  and  distinctions  between  personal  and  real  property.  Text, 
written  exercises,  lectures  and  class  discussions. 

5  class  hours.  Credit,  5. 

Professor  Hart. 
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76.  II.  Transportation  op  Agricultural  Products.  —  For  seniors 
and  graduate  students;  juniors  may  elect.  The  development  of  highway, 
waterway  and  railway  transportation  and  its  relation  to  the  agricultural 
development  of  the  coimtry;  the  principles  governing  the  operation  and  control 
of  transportation  agencies;  present-day  problems  relating  to  the  shipment  of 
farm  products,  rates,  facilities  and  services;  methods  of  reducing  wastes  in 
transportation;  the  economics  of  the  good  roads  movement  and  of  motor 
transportation.     Lectures,  text  and  field  work. 

5  class  hours.  Credit,  5. 

Professors  Cance  and  Sawtelle. 

77.  I.  Problems  in  Agricultural  Economics.  —  For  seniors  and 
graduate  students;  juniors  may  elect.  An  advanced  course  for  those  desirous 
of  studying  more  intensively  some  of  the  economic  problems  affecting  the 
farmer,  such  as:  land  problems,  —  land  tenure,  size  of  farms,  causes  affecting 
land  values,  private  property  in  land,  taxation  of  farm  property;  special 
problems,  —  cost  of  producing  farm  products,  farm  labor  in  New  England, 
immigration,  agricultural  credit.  Opportunity  is  given,  if  practicable,  for 
field  work,  and  students  are  encouraged  to  pursue  lines  of  individual  interest. 
5  class  hours.  Credit,  5. 

Professor  Cance. 

78.  III.  Agricultural  Credit  Facilities.  —  For  seniors  and  juniors. 
Lectures,  discussions  and  assigned  readings  on  credit  needs  of  farmers;  the 
legitimate  use  of  credit  in  the  acquisition  of  land,  and  the  production,  storage 
and  marketing  of  agricultural  products;  the  development  of  national  and 
State  rural  credit  institutions  and  laws;  the  powers  and  methods  of  operation 
of  credit  institutions  with  reference  to  the  supply  of  credit  for  agricultural 
purposes;  the  methods  by  which  the  individual  may  increase  his  credit  stand- 
ing and  borrowing  power;  ways  in  which  the  present  credit  facilities  may  be 
increased. 

3  class  hours.  ,  Credit,  3. 

Assistant  Professor  Sawtelle. 

,  79.  I.  Agricultural  Statistics.  —  For  seniors,  juniors  and  graduate 
students.  The  nature  and  sources  of  agricultural  statistics,  the  methods  of 
obtaining  numerical  facts,  of  analyzing  and  drawing  conclusions  from  statistical 
data,  and  the  methods  of  presenting  in  a  true  and  forceful  manner  the  statistical 
facts  of  the  agricultural  industry.  Opportunity  is  given  in  the  laboratory  for 
practice  in  the  use  of  statistical  methods  and  processes,  and  to  acquire  ex- 
perience in  dealing  with  practical  statistical  problems.  The  apphcation  of 
statistics  and  statistical  methods  in  the  fields  of  agricultural  economics,  ex- 
tension work,  education,  journahsm  and  the  business  matters  connected  with 
farm  operation  is  emphasized. 

2  class  hours.  3  2-hour  laboratory  periods,  credit,  5. 

Assistant  Professor  Sawtelle. 

80.  I.  Seminar.  —  For  seniors  and  graduate  students.  Research  in 
agricultural  economics  and  history;  problems  of  New  England  agriculture. 
Library  work  and  reports.    If  desirable  some  other  topic  may  be  substituted. 
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For  the  year  1921-1922,  Seminars  80,  81  and  82  will  be  concerned,  in  the 
main,  with  salesmanship  and  advertising  of  agricultural  products.  Hours  to 
be  arranged. 

1  2-hour  conference  period,  credit,  2. 

81.  II.  Seminar.  —  For  seniors  and  graduate  students.  As  stated  in 
Course  80. 

1  2-hour  conference  period,  credit,  1  or  2. 
The  Department. 

82.  III.  Seminar.  —  For  seniors  and  graduate  students.  As  stated  in 
Course  80. 

1  2-liour  conference  period,  credit,  1  or  2. 
The  Department. 

85.  II.  Agricultural  Prices.  —  For  seniors  and  graduate  students. 
A  study  of  the  prices  of  agricultural  products  and  other  commodities  which 
are  of  importance  in  the  agricultural  industry.    Limited  to  five  students. 

2  or  3  2-hour  laboratory  periods,  credit,  2  or  3. 
Assistant  Professor  Sawtelle. 

86.  III.  Agricultural  Prices.  —  For  seniors  and  graduate  students  as 
stated  in  Course  85.    Limited  to  five  students. 

2  or  3  2-hour  laboratory  periods,  credit,  2  or  3. 
Assistant  Professor  Sawtelle. 

Agricultural  Education. 

Professor  Haet,  Professor  Welles,  Mr.  Heald,^  Miss  Hamlin. 

The  primary  aim  of  the  department  is  training  students  for  service  in  some 
form  of  educational  work.  This  service  may  be  in  one  or  more  of  several  fields. 
Teaching  is  the  most  common,  and  includes  vocational  agriculture.  Students 
contemplating  preparation  for  State  approval  should  confer  as  early  as  pos- 
sible with  the  head  of  the  department,  to  the  end  that  they  may  secure  a 
proper  distribution  of  subjects  and  properly  utUize  vacations  in  acquiring  the 
necessary  farm  practice.  This  department  also  serves  as  the  avenue  for 
recommending  graduates  to  the  State  Department  of  Education  for  teaching 
positions,  including  such  positions  as  require  the  State  teachers'  certificate. 

The  equipment  includes  a  combination  classroom  and  laboratory  furnished 
with  such  articles  as  seem  advisable  for  the  effective  work  of  a  high  school 
department  of  agriculture.  This  room  represents  to  teachers  in  training  the 
usable  things  for  their  work  in  a  school  department.  The  office  of  the  depart- 
ment is  equipped  with  books  and  pamphlets  on  agricultural  education  properly 
catalogued. 

Co-operation  between  the  State  Department  and  the  College. 

Under  an  agreement  with  the  Division  of  Vocational  Education  of  the  State 
Department  of  Education,  the  department  of  agricultural  education  is  the 
co-operating  agency  at  the  college  for  the  training  of  teachers  of  agriculture 
and  other  related  subjects. 

1  Representing  the  State  Department  of  Education  in  the  administration  of  vocational  edu- 
cation acta. 
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25.  II.  Agriculttjkal  Opportunities  for  Women.  —  For  sophomores. 
Designed  to  show  the  woman  who  is  interested  in  agriculture  what  opportunities 
there  are  for  her  in  that  field,  and  how  she  may  best  take  advantage  of  them. 
The  types  of  agricultural  work  for  which  women  are  best  adapted  are  dis- 
cussed. A  study  is  made  of  some  of  the  special  problems  which  confront  the 
woman  farmer,  and  her  best  ways  of  solving  them. 

2  class  hours.  Credit,  2. 

Miss  Hamlin. 
Elective  Courses. 

50.  I.  Educational  Psychology.  —  A  basic  course  for  students  looking 
forward  to  work  in  education,  economics  and  sociology.  The  first  part  of  the 
term  is  devoted  to  a  study  of  the  general  notions  of  mental  Hfe  and  the  explana- 
tion of  psychological  terms  used  in  mental  science;  the  anatomy  and  physiol- 
ogy of  the  nervous  system  and  its  relation  to  mental  phenomena;  and  the 
fields  of  human  activity  in  which  psychology  plays  an  important  part.  During 
the  latter  part  of  the  term  students  are  permitted  to  choose  themes  for  the 
purpose  of  special  study.  These  may  be  the  psychology  of  teaching;  the 
psychology  of  management;  the  psychology  of  crowds  and  other  aspects  of 
sociology;  or  the  psychology  of  advertising,  salesmanship  or  other  phases  of 
economics. 

5  class  hours.  .  Credit,  5. 

Professor  Hart. 

61.  I,  II  and  III.  Principles  and  Methods  of  Teaching.  —  For  juniors; 
seniors  may  elect.  Intended  primarily  for  students  expecting  to  teach.  Others 
should  consult  the  department  before  registering.  Includes  a  study  of  the  laws 
of  learning,  exhaustive  inquiry  into  the  meaning  of  interest,  apperception, 
memory-images,  judging  and  reasoning,  and  their  applications  in  teaching 
processes;  class  management  and  the  organization  of  lesson  plans. 
5  class  hours.  Credit,  5. 

Professor  Welles. 

52.  III.  History  and  Philosophy  op  Education.  —  For  juniors;  seniors 
may  elect.  A  study  of  educational  history  in  modern  times,  educational  move- 
ments in  the  United  States  and  their  bearing  on  national  aims  and  ideals,  with 
special  emphasis  on  education  for  a  democracy. 

5  class  hours.  Credit,  5. 

Professor  Welles. 

75.  II.  Organization  and  Supervision  of  Secondary  Education.  — • 
For  seniors;  juniors  may  elect.  School  systems,  courses  of  study,  training  of 
teachers,  financial  support,  recent  tendencies  and  policies  in  secondary  and 
junior  high  schools. 

3  class  hours.  Credit,  3. 

Professor  Welles. 

76.  I,  II  and  III.  Special  Methods  in  teaching  Vocational  Agri- 
culture. —  For  seniors;  juniors  and  others  qualified  may  elect.  Students 
must  consult  the  head  of  the  department  or  the  professor  in  charge  before 
registering  for  this  course.  Work  consists  of  outlining  lessons  and  projects  for 
the  teaching  of  agriculture  or  related  subjects  in  agricultural  schools  or  depart- 
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ments;  the  application  of  principles  of  vocational  education  as  embodied  in 
the  Smith-Hughes  Act  and  other  legislation  relative  to  agricultural  education; 
the  necessary  adjustments  relating  to  the  school,  community  and  administra- 
tive officials. 

3  class  hoiu-s.  Credit,  3. 

Professor  Welles. 

77.  II.  County  Agent  Work.  —  For  seniors.  Consists  of  work  in  special 
agricultural  problems  by  individual  students;  preparation  and  presentation 
of  a  number  of  theses,  using  charts  and  other  apparatus.  Major  advisers  are 
responsible  for  the  accuracy  of  subject-matter;  the  department  of  agricultural 
education  is  responsible  for  preparation  and  presentation.  One  lecture  and 
one  laboratory  period  scheduled;  three  laboratory  periods  by  arrangement. 

Credit,  5. 
Professor  Hart. 

78.  III.     As  described  in  Course  77.  Credit,  5. 

80.  I,  II,  III  and  IV.  Supervised  Teaching.  —  For  seniors  and  gradu- 
ate students.  Supervised  teaching  (a)  in  county  agricultural  schools  or  high 
school  departments  of  agriculture  under  the  direction  of  the  State  Department 
of  Education  and  the  college  department  of  agricultural  education  in  accordance 
with  a  joint  agreement;  or  (b)  under  the  supervision  of  this  department  only. 
Besides  teaching,  the  student  is  required  to  pursue  a  course  of  professional 
study  bearing  upon  the  subject  taught,  to  arrange  the  subject-matter  for 
lessons,  and  to  outUne  teaching  projects.  The  number  of  credits  depends  upon 
the  number,  character  and  length  of  teaching  exercises  and  conferences. 
Scheduled  by  arrangement. 

Under  certain  conditions  a  student  may  absent  himself  from  college  during 
one  term  of  his  senior  year  for  supervised  teaching.  For  detailed  information 
regarding  this  matter  consult  the  department. 

Credits,  1  to  5. 
Professor  Welles. 

90.  III.  Genetic  Psychology.  —  For  seniors;  juniors  may  elect.  A 
study  of  the  physical  and  mental  growth  and  development  of  the  individual 
from  birth  to  maturity;  a  comparative  study  of  the  physiological  and  mental 
ages  of  children;  and  mental  tests. 

3  class  hours.  Credit,  3. 

Professor  Hart. 

91.  I.  Rural  Education.  —  For  graduates;  seniors  may  elect.  A  study 
of  the  development  of  the  rural  school;  its  organization  and  administration; 
its  function  for  the  community  and  for  the  individual;  its  place  in  the  State 
system;  some  local  surveys. 

3  class  hours.  Credit,  3. 

Professor  Hart. 
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Rural  Sociology. 

Professor  Phelan,  President  Buttebfield,  Professor  Sims,  Mr.  Novitski.  i 

The  courses  in  rural  sociology  are  designed  for  two  purposes:  first,  to  give 
students  an  appreciation  of  the  general  problems  of  country  Hfe;  second,  to 
afford  a  definite  training  for  students  who  wish  to  take  up  some  specific  form 
of  social  service.  In  the  last  ten  years  rural  sociology  has  been  introduced 
as  a  subject  into  more  than  50  per  cent  of  the  agricultural  schools  and  colleges. 
There  is  a  good  demand  for  teachers,  and  an  increasing  opportunity  in  other 
directions  in  this  subject.  The  courses  afford  the  student  an  opportunity  to 
pursue  graduate  as  well  as  undergraduate  work.  The  Hbrary  of  the  college 
is  unusually  well  equipped  with  rural  sociological  material. 

Required  Course. 
27.  III.  Elements  of  Rural  Sociology.  —  Sophomores.  A  broad 
survey  of  the  field  of  rural  sociology,  including  such  topics  as  the  origin  of  rural 
sociology,  its  methods  and  problems;  relation  of  sociological  to  the  scientific 
and  technical  aspects  of  agricultural  problems;  the  development  of  the  rural 
community  in  New  England  and  the  west,  religious,  educational  and  social 
ideals  of  rural  people;  characteristics  and  influence  of  the  rural  environment, 
the  movement  of  the  rural  population,  the  effects  of  immigration;  rural  insti- 
tutions, the  school,  the  church,  local  government,  effects  of  modem  conditions 
of  fife  on  rural  institutions;  rural  organization;  problems  of  progress,  an 
analysis  of  the  needs  of  rural  life  in  its  further  development.  Lectures,  readings 
and' essays  on  assigned  topics. 

3  class  hours.  Credit,  3. 

Professor  Sims. 
Elective  Courses. 

50.  I.  Social  Condition  of  Rural  People.  —  For  juniors;  seniors 
may  elect.  A.  The  rural  status:  composition  of  the  rural  population,  nature, 
extent  and  causes  of  diseases  and  accidents,  health  agencies  of  control;  extent 
and  causes  of  rural  delinquency  and  dependency,  conditions  of  temperance,  of 
morahty  and  family  integrity;  child  labor,  women's  work  and  position;  stand- 
ard of  living,  size  of  family;  cultural  ideals;  community  consciousness  and 
activity;  standards  of  business  conduct  and  of  pohtical  ethics. 

B.  Rural  social  psychology:  characteristics  of  the  rural  mind,  character  of 
hereditary  and  environmental  influence;  nature  and  effect  of  face-to-face 
groups;  fashion,  conventionahty,  custom,  character  of  discussion  and  of  pub- 
lic opinion. 

3  class  hours.  Credit,  3. 

Professor  Sims. 

51.  II.  Rural  Government.  —  For  juniors;  seniors  may  elect.  A  gen- 
eral survey  of  the  development  of  rural  government  in  the  United  States, 
origin  of  the  New  England  town,  its  influence  upon  the  west,  county  govern- 
ment, the  influence  of  the  farmer  in  legislation,  good  roads  movement,  credit 
facilities,  taxation,  boards  of  agriculture,  agricultural  colleges  and  experiment 
stations  in  relation  to  rural  welfare;   national  government;    a  general  survey 

'  On  leave  of  absence. 
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of  political  organizations  and  movements  among  farmers  in  the  United  States 
and  foreign  countries  and  their  influence  in  shaping  legislation;  relation  of 
the  Department  of  Agriculture,  postal  system,  the  various  national  commissions 
and  agencies  to  rural  welfare.  Lectiu-es,  readings,  written  exercises  on  assigned 
topics. 

3  class  hours.  Credit,  3. 

Professor  Sims. 

52.  III.  Rural  Organization.  —  For  juniors;  seniors  may  elect.  A 
study  of  the  organized  agencies  by  which  rural  communities  carry  on  their 
various  forms  of  associated  life,  particularly  a  study  of  the  ways  by  which  the 
domestic,  economic,  cultural,  religious  and  political  institutions  contribute  to 
rural  betterment;  principles  underlying  leadership,  qualifications  of  the  paid 
leader  and  the  lay  leader;  the  field  of  rural  social  service,  national,  State  and 
local,  preparation  and  opportunity  for  service;  rural  community  building,  a 
study  of  organized  ways  and  means  by  which  aid  is  given  local  communities. 
The  method,  scope  and  history  of  local,  State  and  national  associations  formed 
about  some  farm  product,  their  influence  in  forming  class  consciousness  and 
in  shaping  agrarian  legislation;  need  of  federation.  Lectures,  readings  and 
essays  on  assigned  topics. 

3  class  hours.  Credit,  3. 

President  Butterpield. 

76.  I.  Field  Work  in  Rural  Sociology.  —  For  seniors;  juniors  may 
elect.  Designed  to  meet  the  needs  of  students  who  wish  to  do  some  constructive 
work  in  rural  social  service  while  still  in  college.  The  work  is  carried  on  in 
co-operation  with  the  various  college  agencies  engaged  in  rural  service.  Any 
project  for  which  credit  in  this  coiu'se  is  to  be  asked  must  first  have  the  approval 
of  the  head  of  the  department. 

From  2  to  6  laboratory  hours,  credits,  1  to  3. 
Professor  Phelan. 
Prerequisites,  Rural  Sociology  27  and  52. 

77.  II.  Rural  Social  SuR^rETs.  —  For  seniors;  juniors  may  elect.  A 
careful  study  of  the  theory  and  function  of  statistics,  the  limitations  and  diffi- 
culties in  the  use  of  statistics,  the  interpretation  of  statistical  data,  various 
methods  of  graphic  representation;  a  study  of  sxirveys,  kinds  and  use,  method 
of  gaining  information,  the  basis  for  conclusions,  value  of  information  gained. 
Text  and  lectures. 

3  class  hours.  Credit,  3. 

Professor  Sims. 

79.  I.  Seminar.  —  EnroUment  is  limited  to  students  who  have  had  at 
least  three  courses  in  rural  sociology,  and  to  students  majoring  in  the  subject. 

Credits,  1  to  3. 
Professor  Phelan. 

80.  II.  Seminar.  —  Enrollment  is  limited  to  students  who  have  had  at 
least  three  courses  in  rural  sociology,  and  to  students  majoring  in  the  subject. 

Credits,  1  to  3. 
Professor  Phelan. 
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81.  III.  Seminar.  —  Enrollment  is  limited  to  students  who  have  had  at 
least  three  courses  in  rural  sociology,  and  to  students  majoring  in  the  subject. 

Credits,  1  to  3. 
Professor  Phelan. 

Rural  Home  Life. 

Miss  Skinner,  Miss  Gbizzle. 

The  Department  of  Rural  Home  Life  offers  elective  coin-ses  for  students 
majoring  in  other  departments  of  the  college.  Fundamentally  this  training 
is  such  as  will  help  young  women  to  be  better  prepared  to  adjust  themselves 
readily  to  their  environment  in  the  home  and  in  the  community,  and  to  help 
them  realize  their  responsibility  as  good  homemakers  and  as  good  citizens. 

The  food  laboratory,  located  in  the  entomology  building,  is  fitted  with 
individual  desks  (cabinet  form)  to  hold  utensils  and  materials  for  each  student. 
Each  table  is  equipped  with  gas  stoves.  A  storage  cabinet  is  provided  with 
bins  for  supplies  and  cupboard  space  for  large  utensUs  and  illustrative  ma- 
terial. This  room  is  well  lighted  and  pleasant.  The  clothing  laboratory  is 
located  in  the  Adams  House.  The  equipment  consists  of  sewing  machines, 
cabinets,  work  tables,  cutting  tables,  electric  irons,  dress  forms  and  a  collection 
of  materials  illustrating  the  production  of  textiles  for  clothing  and  household 
use. 

Required  Courses. 
2.  II.  Introduction  to  Home  Economics.  —  Freshmen  women.  Lec- 
tures on  the  history  and  evolution  of  the  home;  social  customs  and  their  value 
in  family  relationships;  healthful  and  suitable  care  of  the  wardrobe;  principles 
of  nutrition  as  appHed  to  the  student's  Ufe;  the  student's  budget,  and  the 
keeping  of  personal  accounts. 

2  class  hours.  Credit,  2. 

Miss  Skinner. 

Elective  Courses. 
25.  I.  26.  II.  27.  III.  Textiles  and  Clothing.  —  Sophomores. 
The  selection  and  purchase  of  suitable  materials,  their  character,  cost  and 
durability.  Appropriateness  and  simpHcity  in  dress.  Practical  work  in  hand 
and  machine  sewing,  drafting  and  designing  of  patterns,  the  care  and  repair 
of  clothing. 

1  lecture.  v  2  2-hour  laboratory  periods,  credit,  3. 

Miss  Grizzle. 

50.  I.  51.  II.  52.  III.  Foods  and  Cookery.  —  Juniors.  Funda- 
mental knowledge  of  foods.  Lectures  deal  with  a  discussion  of  the  comparative 
composition,  cost  and  economic  value  of  foodstuffs;  their  sources,  production 
and  manufacture.  Laboratory  practice  in  applying  scientific  principles  to  the 
selection  and  preparation  of  typical  foods. 

1  class  hour.  2  2-hour  laboratory  periods,  credit,  3. 

Miss  Skinner. 

75.  I.  76.  II.  Household  Management.  —  Seniors.  The  application 
of  the  principles  of  scientific  management  to  the  household,  and  the  elements 
of  successful  home  making.    The  family  iacome,  cost  of  hving,  household  ac- 
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counts,  the  budget  and  its  apportionment.    The  responsibility  of  the  woman  to 
her  family  and  the  community  in  estabUshing  right  standards  of  liviag. 
2  class  hours.  Credit,  2. 

Miss  Skinner. 

78.  III.  Home  Nursing.  —  Seniors.  A  study  of  the  care  of  the  family 
health;  simple  diseases  and  their  prevention;  the  care  of  young  children  and 
invalids;  first  aid  to  the  injured. 

2  class  hours.  Credit,  2. 

Miss  Skinner. 
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GENERAL    DEPARTMENTS. 

[Heavy-faced  type  indicates  tlie  term  in  which  the  course  is  given.  Numbering  of  courses: 
1  to  24,  inclusive,  freshmen;  25  to  49,  inchisive,  sophomores;  50  to  74,  inclusive,  juniors;  75 
to  99,  inclusive,  seniors.] 

Military  Science  and  Tactics. 

Major  Feedeeick  E.  Shnydee,  Cavalry,  U.  S.  A.;  Major  Heeman  Kobbe,  Cavalry,  U.  S.  A.; 
Captain  James  V.  V.  Shufelt,  Cavalry,  U.  S.  A.;  Captain  Thomas  Brady,  Jr.,  Cavalry, 
U.  S.  A.;  Technical  Sergeant  John  J.  Lee,  U.  S.  A.,  Retired;  Staff  Sergeant  James  A. 
Warren,  Cavalry;  and  a  detachment  of  enlisted  men  of  the  United  States  Army. 

Under  act  of  Congress  (July  2,  1862)  military  instruction  under  a  regular 
army  officer  was  required  in  this  college  of  all  able-bodied  male  students. 
Under  act  of  Congress  June  3,  1916,  as  amended  by  act  of  Congress  Sept.  8, 
1916,  there  was  established  at  this  college  in  April,  1917,  an  infantry  unit  of 
the  Reserve  Officers'  Training  Corps.  Following  the  World  War  and  an  act 
of  Congress  (July  9,  1918)  the  Reserve  Officers'  Training  Corps  is  in  operation 
under  the  regulation  of  the  War  Department,  administered  by  the  president 
of  the  college  and  the  professor  of  military  science  and  tactics. 

Beginning  with  the  fall  term,  1920-21,  the  infantry  unit  of  the  Reserve 
Officers'  Training  Corps  was  converted  into  a  cavahy  unit. 

The  primary  object  of  the  Reserve  Officers'  Training  Corps  is  to  provide 
systematic  military  training  at  civil  educational  institutions,  for  the  ultimate 
purpose  of  qualifying  selected  students  of  such  institutions  as  reserve  officers  in 
the  mihtary  forces  of  the  United  States.  It  is  intended  to  attain  this  object 
during  the  time  the  students  are  pursuing  their  general  or  professional  studies, 
with  the  least  practicable  interference  with  their  civil  careers,  by  employ- 
ing methods  designed  to  fit  men  physically,  mentally  and  morally  for  pur- 
suits of  peace  as  well  as  war. 

All  candidates  for  a  degree  in  a  four-year  course  must  take  for  two  years 
at  least  three  hours  a  week  of  military  training. 

Students  in  their  junior  and  senior  years,  who  are  approved  by  the  presi- 
dent and  the  professor  of  military  science  and  tactics,  may  take  the  advanced 
course  if  they  so  elect.  The  advanced  course  consists  of  at  least  five  hours  per 
week  and  a  summer  camp  of  about  six  weeks  during  the  summer  vacation, 
between  the  junior  and  senior  years.  Students  taking  this  course  are  paid  by 
the  Federal  government  at  a  rate  to  be  fixed  by  the  Secretary  of  War,  not  to 
exceed  the  value  of  the  army  ration.  The  rate  now  fixed  is  40  cents  per  day, 
which  amounts  to  about  $146  per  year.  Students  graduating  in  the  advanced 
course  are  eligible  for  commissions  in  the  Officers'  Reserve  Corps,  but  are  not 
required  to  accept  such  commissions  if  offered. 

The  required  uniform  is  of  olive  drab  woolen  cloth,  and  is  furnished  for  the 
use  of  the  students  by  the  Federal  government  without  cost.  It  is  worn  by 
aU  cadets  when  on  mihtary  duty.    New  uniforms  are  furnished  each  year. 

The  course  for  cavalry  units  of  the  Reserve  Officers'  Training  Corps  includes 
theoretical  and  practical  instruction  in  all  phases  of  cavahy  work,  so  distributed 
over  the  four-year  college  course  as  to  quahfy  students  at  the  end  of  the  fresh- 
man year  as  privates  of  cavahy;  at  the  end  of  the  sophomore  year  as  non- 
commissioned officers  of  cavahy;    and  upon  graduation  as  reserve  officers. 


140  AGRICULTURAL  COLLEGE.  [Jan. 

The  instruction  in  this  department  covers  cavahy  drill,  cavalry  weapons,  — 
i.e.,  rifle,  pistol,  saber,  automatic  rifle  and  machine  gun,  —  map  reading  and 
military  sketching,  minor  tactics,  equitation,  etc.  The  course  in  equitation 
includes  cross  country  riding  and  instruction  in  polo.  So  far  as  season  and 
weather  permit,  instruction  is  of  a  practical  nature  out  of  doors. 

Required  Courses. 

1 .  I.  —  Freshmen.    Theoretical  and  practical  instruction  in  military  science 
and  tactics,  and  lectures  on  military  subjects. 

Credit,  3. 
The  Professor  of  Military  Science 
Ajsro  Tactics,  and  Assistants. 

2.  II.  —  Freshmen.     Theoretical   and   practical  instruction   in   military 
science  and  tactics,  and  lectures  on  military  subjects. 

Credit,  3. 
The  Professor  of  Military  Science 
AND  Tactics,  and  Assistants. 

3.  III. — Freshmen.     Theoretical  and  practical  instruction  in  military 
science  and  tactics,  and  lectures  on  mihtary  subjects. 

Credit,  3. 
The  Professor  of  Military  Science 
AND  Tactics,  and  Assistants. 

25.  I.  —  Sophomores.     Theoretical  and  practical  instruction  in  mihtary 
science  and  tactics,  and  lectures  on  mUitary  subjects. 

Credit,  3. 
The  Professor  of  Military  Science 
AND  Tactics,  and  Assistants. 

26.  II.  —  Sophomores.    Theoretical  and  practical  instruction  in  military 
science  and  tactics,  and  lectures  on  mihtary  subjects. 

Credit,  3. 
The  Professor  of  Military  Science 
AND  Tactics,  and  Assistants. 

27.  III.  —  Sophomores.    Theoretical  and  practical  instruction  in  military 
science  and  tactics,  and  lectures  on  mihtary  subjects. 

Credit,  3. 
The  Professor  of  Military  Science 
AND  Tactics,  and  Assistants. 

Elective  Courses. 
50.    I.  —  Juniors.    Theoretical  and  practical  instruction  in  military  science 
and  tactics,  and  lectures  on  mihtary  subjects. 

Credit,  5. 
The  Professor  op  Military  Science 
AND  Tactics,  and  Assistants. 
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51.  II.  —  Juniors.  Theoretical  and  practical  instruction  in  military  science 
and  tactics,  and  lectures  on  military  subjects. 

Credit,  5. 

The  Professor  of  Military  Science 
ANB  Tactics,  and  Assistants. 

52.  III.  —  Juniors.  Theoretical  and  practical  instruction  in  military 
science  and  tactics,  and  lectures  on  mihtary  subjects. 

Credit,  5. 
The  Professor  of  Military  Science 
AND  Tactics,  and  Assistants. 

75.  I.  —  Seniors.  Theoretical  and  practical  instruction  in  mihtary  science 
and  tactics,  and  lectures  on  military  subjects. 

Credit,  5. 
The  Professor  op  Military  Science 
AND  Tactics,  and  Assistants. 

76.  II.  —  Seniors.  Theoretical  and  practical  instruction  in  mihtary  science 
and  tactics,  and  lectures  on  mihtary  subjects. 

Credit,  5. 
The  Professor  op  Military  Science 
AND  Tactics,  and  Assistants. 

77.  III.  —  Seniors.  Theoretical  and  practical  instruction  in  mihtary 
science  and  tactics,  and  lectures  on  mihtary  subjects. 

Credit,  5. 
The  Professor  op  Military  Science 
AND  Tactics,  and  Assistants. 

Physical  Education  and  Hygiene. 

Professor  Hicks,  Assistant  Professor  Goee,  Mrs.  Hicks,  Mr.  Grayson,  Mr.  Mansell,  Mr. 

Derbt. 

The  purpose  of  the  courses  offered  by  this  department  is  to  provide  active 
exercise  and  to  instruct  every  student  how  to  care  for  his  health  and  main- 
tain his  physical  condition  while  carrying  on  his  coUege  course. 

The  equipment  consists  of  the  Alumni  Athletic  Field,  which  has  room  for 
two  football  fields,  a  quarter-mUe  cinder  track  with  a  220  straightaway,  and 
the  baseball  diamond;  and  also  the  old  field  for  class  football  and  baseball, 
two  tennis  courts,  and  the  drill  haU  floor  for  basket-baU.  For  several  years 
the  driU  hall  floor  was  used  for  class  work  in  gymnastics,  but  its  condition 
has  become  so  bad  that  this  has  been  discontinued.  During  the  winter  months 
a  hockey  rink  is  provided  on  the  college  pond. 

[All  undergraduate  male  students  are  given  a  physical  examination  upon  entering.] 

Men. 
Required  Courses. 
1.    I.     Hygiene.  —  Freshmen.    Lectures  on  personal  hygiene. 
1  class  hour.  Credit,  1. 

Professor  Hicks. 
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2.  I.     Recreation.  —  Freshmen.     Outdoor  games. 

1  laboratory  hour.  Credit,  third  term. 

Mr.  Geatson. 

3.  III.     Recreation.  —  Freshmen.     Outdoor  games. 

1  laboratory  hour.  Credit  for  Nos.  2  and  3,  1. 

Mr.  Mansell. 

25.  I.    Recreation.  —  Sophomores.    Outdoor  games. 

1  laboratory  hour.  Credit,  third  term. 

Mr.  Majnsell. 

26.  III.     Recreation.  —  Sophomores.     Outdoor  games. 

1  laboratory  hour.  Credit  for  Nos.  25  and  26,  1. 

Mr.  Mansell. 
Elective  Course. 
77.     III.     Training  Course.  —  Seniors.     Election   by  permission  only. 
History  of  physical  education  and  supervision  of  athletics. 
1  class  hour.  Credit,  1. 

Professor  Hicks. 

Women. 
Required  Courses. 

4.  I.     Recreation.  —  Freshmen.     Outdoor  games. 

3  laboratory  hours.  Credit,  1. 

Mrs.  Hicks. 

5.  II.     Gymnastics.  —  Freshmen.     Dancing,  Swedish  games,  etc. 

3  laboratory  hours.  Credit,  1. 

Mrs.  Hicks. 

6.  III.     Recreation.  —  Freshmen.     Outdoor    games. 

3  laboratory  hours.  Credit,  1. 

Mrs.  Hicks. 

27.  I.    Recreation.  —  Sophomores.    Outdoor  games. 

3  laboratory  hours.  Credit,  1. 

Mrs.  Hicks. 

28.  II.     Gymnastics.  —  Sophomores.     Dancing,  Swedish  games,  etc. 

3  laboratory  hours.  Credit,  1. 

Mrs.  Hicks. 

29.  III.     Recreation.  —  Sophomores.    Outdoor  games. 

3  laboratory  hours.  Credit,  1. 

Mrs.  Hicks. 

Elective  Courses. 
50.    II.     Gymnastics.  —  Juniors.    Dancing,  Swedish  games,  etc. 
3  laboratory  hours.  Credit,  1. 

Mrs.  Hicks. 

76.    II.     Gymnastics.  —  Seniors.    Dancing,  Swedish  games,  etc. 
3  laboratory  hours.  Credit,  1. 

Mrs.  Hicks. 
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THE  LIBRARY. 

The  library  —  stack  room,  reading  room  and  office  —  occupies  the  entire 
Chapel  building.  It  contains  about  70,000  catalogued  volumes,  several  thou- 
sand volumes  not  catalogued,  and  a  large  number  of  bulletins,  farm  papers 
and  other  material,  which  is  being  put  into  good  working  order  as  fast  as 
possible.  Works  on  agriculture,  horticulture,  botany,  entomology  and  the 
various  sciences  predominate,  but  hterature,  history  and  sociology  are  well 
represented  and  receive  due  attention.  The  reading  room  provides  a  good 
variety  of  popular  and  technical  periodical  literature,  encyclopedias  and  gen- 
eral reference  books. 

The  library  is  being  reclassified  and  recatalogued  in  order  to  make  the 
splendid  material  accessible  and  of  the  greatest  working  value.  Every  effort 
is  being  made  toward  developing  the  college  library  into  a  vital  intellectual 
center,  of  equal  value  to  every  student,  teacher  and  teaching  department  on 
the  college  campus.  Consequently  only  the  most  cordial  relations  a^e  cher- 
ished, and  the  fewest  and  most  imperative  rules  concerning  the  circulation  of 
books  and  deportment  are  enforced.  An  agricultural  reference  library  is 
maintained  in  Stockbridge  Hall,  and  department  libraries  are  also  maintained 
in  some  of  the  other  buUdings  on  the  campus. 

Occasional  lectures  are  given  to  regular  and  short-course  students  in  order 
to  make  the  best  use  of  the  library  equipment.  Emphasis  is  laid  upon  the 
card  catalogue,  periodical  indexes,  bibliographies  and  guides,  and  the  large 
collections  of  United  States  Department  of  Agriculture  and  experiment  station 
literature. 

Library  hours  are  from  8  a.m.  to  9.30  p.m.  every  week  day,  and  from 
9  A.M.  to  1.30  P.M.  on  Sundays  in  term  time.  Shorter  hours  prevail  during 
vacation. 


The  Graduate  School 


The  Geaduate  School. 


Kenyon  L.  Butterfield,  a.m.,  LL.D.,  President  of  the  College, 
Charles  E.  Mabshall,  Ph.D.,  Director  of  the  Graduate  School  and  Professor  of  Microbiology. 

Graduate  Staff,  1921-22. 

Professor  Anderson,  Professor  Beaumont,  Professor  Cance,  Professor  Chamberlain,  Assist- 
ant Professor  O.  L.  Clark,  Profesor  Crampton,  Professor  Fernald,  Professor  Hart, 
Assistant  Professor  Itano,  Professor  Lindsby,  Professor  Osmun,  Professor  Peters, 
Professor  Phelan,  Professor  Salisbury,  Professor  Sears,  Professor  Shaw,  Professor 
Sims,  Professor  Waugh,  Professor  Wells,  Director  Marshall,  President  Butterfield; 
Mr.  Watts,  Secretary. 

Graduate  courses  leading  to  the  degrees  of  master  of  science  and  doctor  of 
philosophy  have  been  given  for  a  number  of  years;  the  degrees  of  master  of 
agriculture  and  doctor  of  agriculture  are  now  granted  to  meet  strictly  pro- 
fessional needs.  The  number  of  requests  for  each  of  these  courses  is  appar- 
ently increasing.  In  recognition  of  the  benefits  to  be  derived  from  a  separate 
organization,  a  distinct  graduate  school  has  been  estabUshed  for  the  purpose  of 
fitting  graduates  of  this  and  other  institutions  for  teaching  in  colleges,  high 
schools  and  other  pubhc  schools;  for  positions  as  government,  State  and 
experiment-station  specialists  in  farm  management,  dairying,  live-stock  hus- 
bandry, poultry  science,  agronomy,  landscape  gardening,  pomology,  vegetable 
gardening  and  floriculture;  for  positions  as  bacteriologists,  botanists,  chemists, 
entomologists;  for  economists  and  social  workers;  and  for  numerous  other 
positions  requiring  a  great  amount  of  scientific  and  professional  knowledge, 
training  and  experience. 

Organization. 

The  school  is  based  upon  the  department  as  the  unit,  and  the  apprenticeship 
system  as  the  most  effective  means  of  instruction.  This  gives  to  the  student 
individuality  in  treatment  and  an  intimacy  with  actual  conditions  of  work  and 
operations.  Besides,  each  student  is  assigned  to  an  advisory  committee,  com- 
posed of  the  instructor  in  charge  of  his  major  subject  as  chairman,  and  instruc- 
tors in  charge  of  his  minor  subjects  as  members,  which  directs  his  graduate 
studies.  The  chairmen  of  all  these  committees  together  constitute  the  graduate 
staff,  which  controls  the  pohcy  of  the  graduate  school. 

Admission. 
Admission  to  the  graduate  school  will  be  granted:  — 

1.  To  graduates  of  the  Massachusetts  Agricultural  College. 

2.  To  graduates  of  other  institutions  of  good  standing  who  have  received 
a  bachelor's  degree  substantially  equivalent  to  that  conferred  by  this  college. 

In  case  an  applicant  presents  his  diploma  from  an  institution  of  good  stand- 
ing, but  has  not,  as  an  imdergraduate,  taken  as  much  of  the  subject  he  selects 
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for  his  major  as  is  required  of  undergraduates  at  the  Massachusetts  Agricul- 
tural College,  he  will  be  required  to  make  up  such  parts  of  the  undergraduate 
work  in  that  subject  as  the  instructor  in  charge  may  consider  necessary.  He 
shall  do  this  without  credit  toward  his  advanced  degree. 

Admission  to  the  graduate  school  does  not  necessarily  admit  to  candidacy 
for  an  advanced  degree,  —  students  holding  a  bachelor's  degree  being  in 
some  cases  permitted  to  take  graduate  work  without  becoming  candidates 
for  higher  degrees. 

Apphcations  for  membership  in  the  graduate  school  should  be  presented 
to  the  director  of  the  school.  Full  statements  of  the  appUcant's  previous 
training,  of  the  graduate  work  desired,  and  of  the  amoiuit  and  kind  of  work 
already  done  by  him  as  an  undergraduate  should  be  submitted,  together  with 
a  statement  whether  the  applicant  desires  to  work  for  a  degree. 

Registration  is  required  of  all  students  taking  graduate  courses,  the  first 
registration  being  permitted  only  after  the  student  has  received  an  authori- 
zation card  from  the  director. 


Nature,  Methods  and  Requirements  of  Graduate  Work. 

Graduate  work  differs  from  undergraduate  work  in  its  purposes  and  methods. 
The  primary  aims  of  the  instructor  are  emphasized  in  an  attempt  to  have  the 
student  adjust  himself  and  place  himself  in  his  environment;  develop  the  rule 
of  self-direction  and  self-instruction;  acquire  the  power  of  accurate  reasoning; 
gain  proficiency  and  skill  in  his  selected  field  of  study  or  practice;  and  obtain 
an  appreciative  and  discriminative  insight  into  experimentation  and  original 
research.  Methods  are  not  devised,  therefore,  for  attractiveness,  entertain- 
ment and  superficial  reviews,  but  for  the  creation  of  initiative  and  profound 
thought,  thorough  acquaintance  with  detail,  independent  advance  and  in- 
dustrious habits.  Careful  readings,  lectures,  conferences,  surveys,  laboratory 
exercises  and  field  work  are  some  of  the  agencies  utilized. 

All  members  of  the  graduate  school  are  required  to  attend  the  course  of 
lectures  designed  to  supplement  the  technical  work  of  all  graduate  studies. 
These  lectures  will  be  given  once  each  week,  and  the  students  will  be  held 
responsible  for  the  work. 

Candidates  for  the  degree  of  master  of  science  are  required  to  prosecute 
two  subjects,  one  of  which  shall  be  designated  as  a  major  and  the  other  as  a 
minor.  These  subjects  may  not  be  selected  in  the  same  department.  An 
original  thesis  is  considered  a  part  of  the  major  subject. 

Candidates  for  the  degree  of  doctor  of  philosophy  are  required  to  prosecute 
three  subjects,  one  of  which  shall  be  designated  as  the  major  and  the  others 
as  minors.  No  two  of  these  subjects  may  be  taken  in  the  same  department. 
An  original  thesis  shall  be  considered  a  part  of  the  major  subject. 

Candidates  for  the  degree  of  master  of  agriculture  are  allowed  greater 
privileges  in  the  selection  of  subjects,  but  will  be  required  to  select  a  major 
and  such  other  supporting  fines  of  study  as  will  be  necessary  to  equip  properly 
the  individual  professionally. 

Candidates  for  the  degree  of  doctor  of  agriculture  are  required  to  select  a 
major  and  such  other  subjects  as  will  develop  the  major  in  its  greatest  inten- 
sity and  comprehensiveness.  Successful  experience  is  also  requisite,  together 
with  a  thesis  which  represents  a  masterly  survey  or  intimate  study  through 
accurate  application  of  some  phase  of  the  major  subject. 
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Candidates  for  the  degree  of  master  of  landscape  architecture  will  be  ex- 
pected to  conform  to  the  estabhshed  courses  of  the  department,  and  to  the 
requirements  of  the  department  in  the  preparation  of  a  thesis,  as  well  as  in 
actual  experience  outside  the  college. 

Candidates  for  membership  in  the  graduate  school  who  do  not  desire  to 
work  for  a  degree  may,  with  the  approval  of  the  director  of  the  school,  take 
more  than  one  subject  in  the  same  department,  or  pursue  work  in  several 
departments,  if  their  preparation  will  permit.  A  statement  of  the  subjects 
chosen  must  in  each  case  be  submitted  to  the  director  of  the  graduate  school 
for  approval.  The  chosen  subjects  must  bear  an  appropriate  relation  to  each 
other. 

A  working  knowledge  of  French  and  German  is  essential  to  successful  gradu- 
ate work,  and  students  not  having  this  will  find  it  necessary  to  acquire  it  as 
soon  as  possible  after  entering. 

The  graduate  staff  reserves  the  privilege  of  recommending  and  allowing 
courses  in  other  institutions  as  a  part  of  residence  instruction.  Such  super- 
vision will  be  exercised  and  credit  granted  as  are  essential  to  the  highest 
standards  of  efficiency. 

Theses. 

A  thesis  is  required  of  each  candidate  for  an  advanced  degree.  It  must  be 
on  a  topic  belonging  to  the  candidate's  major  subject;  must  show  that  its 
writer  possesses  the  abifity  to  carry  on  original  study;  and  must  be  an  actual 
contribution  to  knowledge. 

The  thesis  in  its  final  form  must  be  submitted  to  the  director  by  May 
15  of  the  year  in  which  the  student  is  to  present  himself  for  the  advanced 
degree,  and  before  he  may  take  the  required  examination.  Three  com- 
plete copies  are  required.  One  of  the  said  copies  is  to  be  retained  as  an 
official  copy  by  the  said  director,  one  is  to  be  deposited  in  the  college  library, 
and  the  third  is  to  be  retained  by  the  department  in  which  the  thesis  was 
prepared.  The  candidate  for  the  doctor's  degree  must  be  prepared  to  defend 
at  the  oral  examination  the  views  presented  in  his  thesis. 

Final  Examinations. 

For  the  degree  of  master  of  science,  master  of  agriculture,  or  master  of 
landscape  architecture,  a  final  examination,  which  may  be  either  written  or  oral, 
or  both,  is  given  upon  the  completion  of  each  subject. 

For  the  degrees  of  doctor  of  philosophy  and  doctor  of  agriculture,  final  ex- 
aminations on  the  minors  taken  are  given  upon  the  completion  of  the  subjects. 
In  the  major  subject,  a  written  examination,  if  successfully  passed,  is  followed 
by  an  oral  examination  in  the  presence  of  the  faculty  of  the  school. 

Degrees  conferred. 

The  degrees  of  master  of  science,  master  of  agriculture  and  master  of  land- 
scape architecture  are  conferred  upon  graduate  students  who  have  met  the 
following  requirements :  — 

1.  The  devotion  of  at  least  one  year  and  a  half  ^  to  the  prosecution  of  study 
in  two  subjects  of  study  and  research,  not  less  than  one  full  coUege  year  of 
which  must  be  in  residence.  In  the  case  of  a  master  of  landscape  architecture 
the  student  must  follow  the  prescribed  course  of  study. 

1  All  time  statements  refer  to  minimum  time. 
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2.  The  earning  of  not  less  than  fifty  credits  in  the  chief  or  major  subject, 
and  of  not  less  than  twenty-five  credits  in  the  minor  subject.  Students  pur- 
suing the  course  in  landscape  architecture  will  devote  all  of  their  time  to  the 
established  course,  and  meet  the  conditions  of  one  year  of  experience  outside 
the  college. 

3.  The  preparation  of  a  thesis  in  the  major  subject,  constituting  an  actual 
contribution  to  knowledge,  and  accompanied  by  drawings  if  necessary. 

4.  The  passing  of  final  examinations,  in  both  major  and  minor  subjects,  to 
the  satisfaction  of  the  professors  in  charge. 

5.  The  payment  of  aU  fees  and  coUege  expenses  required. 

The  degrees  of  doctor  of  philosophy  and  doctor  of  agriculture  are  conferred 
upon  graduate  students  who  have  met  the  following  requirements:  — 

1.  The  devotion  of  at  least  three  years  to  the  prosecution  of  three  subjects 
of  study  and  research  in  residence  at  the  coUege. 

2.  The  earning  of  not  less  than  one  hundred  credits  in  the  chief  or  major 
subject,  and  of  not  less  than  twenty-five  credits  in  each  of  two  minor  subjects. 

3.  The  preparation  of  a  thesis,  in  the  major  subject,  constituting  an  actual 
contribution  to  knowledge  and  accompanied  by  drawings  if  necessary.  For 
the  degree  of  doctor  of  agriculture  the  thesis  may  be  modified  to  meet  pro- 
fessional requirements. 

4.  The  passing  of  final  examinations,  in  both  the  major  and  minor  subjects, 
to  the  satisfaction  of  the  instructors  in  charge. 

5.  A  pubhc  oral  examination. 

6.  The  payment  of  all  fees  and  college  expenses  required. 

The  fee  for  the  degree  of  master  of  science,  master  of  agriculture,  or  master 
of  landscape  architecture  is  $10,  and  for  the  degree  of  doctor  of  philosophy  or 
doctor  of  agriculture,  $25. 

Courses  offered. 
Courses  available  as  major  subjects  for  the  degree  of  doctor  of  philosophy:  — 

Agricultural  economics.  Horticulture. 

Botany.  Microbiology. 

Chemistry.  Rural  sociology. 
Entomology. 

Courses  available  as  major  subjects  for  the  degree  of  master  of  science:  — 

Agricultural  economics.  Entomology. 

Agricultural  education.  Horticulture. 

Agriculture.  Mathematics  and  physics. 

Agronomy.  Microbiology. 

Animal  husbandry.  Poultry  science. 

Botany.  Rural  sociology. 

Chemistry.  Veterinary  science. 

Courses  available  as  major  subjects  for  the  degree  of  master  of  agriculture:  — 

Agronomy.  Animal  husbandry.  Poultry  science. 

The  course  in  landscape  architecture  leads  to  the  degree  of  master  of 
landscape  architecture. 
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Courses  available  as  minor  subjects:  — 

Agricultural  economics.  Entomology. 

Agricultural  education.  Horticulture. 

Agriculture.  Landscape  architecture. 

Agronomy.  Mathematics  and  physics. 

Animal  husbandry.  Microbiology. 

Animal  pathology.  Poultry  science. 

Botany.  Rural  sociology. 

Chemistry.  Zoology. 

General  Outline  of  Courses  for  Advanced  Degrees. 
Agricultural  Economics  (Major  Course).  —  1.  Graduate  research  work 
in  agricultural  economics  will  be  developed  by  four  principal  methods,  namely, 
historical,  statistical,  accounting  and  general  field  investigation.  In  all 
instances  mastery  of  research  methods  includes  facihty  in  investigation,  tab- 
ulation and  interpretation  of  results. 

2.  Candidates  for  the  doctor's  degree  will  be  required  to  write  a  thesis  sat- 
isfactory to  the  department  and  graduate  staff,  and  candidates  for  the  master's 
degree,  a  thesis  or  a  report  satisfactory  to  the  department,  covering  results 
of  a  specific  hne  of  personal  investigation  in  one  or  more  fields  of  the  subject. 
Each  candidate  will  also  be  required  to  have  a  working  knowledge  of  the  gen- 
eral field  of  economics,  the  theory  of  agricultural  economics,  the  problems  of 
agricultm-al  production,  land  tenure,  land  problems,  agricultural  commerce, 
agricultural  co-operation,  agricultural  credit,  statistics  of  agriculture  and 
prices,  and  markets  and  marketing. 

3.  Following  are  the  general  course  requirements  and  prerequisites  for 
graduate  work :  — 

I.  Prerequisites  for  all  graduate  work. 

Economics  and  Sociology  51  (elements  of  economics),  or  its  equivalent. 
Agricultural  Economics  26  (agricultural  geography,  commerce  and  industry) . 
Agricultural  Economics  50  (elements  of  agricultural  economics),  or  equiva- 
lent courses. 

II.  Additional  requirements  for  doctorate,  master's  degree  or  first  minor 
of  a  doctorate. 

Agricultural  Economics  51,  52,  53  and  79.  These  courses,  specially  arranged 
for  graduates,  may  be  taken  as  Courses  120,  170,  155  and  180  for  graduate 
credit. 

Rural  Sociology  27  and  50,  or  equivalent  courses. 

Economics  and  Sociology  50  and  77  (money  and  banking  and  pubHc  finance), 
or  equivalent  courses. 

III.  Candidates  for  the  master's  or  doctor's  degrees  must  take  Courses 
110,  111,  1^,  165  and  175. 

Graduate  Courses  in  Agricultural  Economics. 

110.  Theory  of  Agricultural  Economics.  —  Readings  in  French,  Ger- 
man and  Enghsh  on  economics  of  agriculture.  Alternate  years,  odd.  200 
hours,  3  credits. 

Professor  Cance. 

111.  Current  Economic  Problems  and  Literature.  —  Department 
seminar  throughout  the  year.     1  credit  each  term. 
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120.  Historical  and  Comparative  Agriculture.  —  General  survey. 
May  be  taken  in  connection  with  Course  51.    Spring  term,  yearly.    3  credits. 

Assistant  Professor  Sawtelle. 

121-122.  History  of  American  Agriculture.  —  Special  studies  in  the 
history  of  agricultural  institutions,  practices  or  relations.  Fall  term,  even 
years.     5  credits. 

Assistant  Professor  Jefferson. 

130.  Problems  of  Agricultural  Production.  —  The  relation  of  the 
fanner  to  the  food  supply.  May  be  taken  in  connection  with  Course  77.  Fall 
term,  yearly.     5  credits. 

Professor  Cance. 

140.  Land  Tenure  and  the  Acquisition  of  Farm  Land.  —  Readings, 
discussion,  original  exercises.    Alternate  years,  even.    3-5  credits. 

Professor  Cance. 

145.  Farm  Labor.  —  Reading  and  investigation.    3  credits. 

Professor  Cance. 

150.  Agricultural  Commerce,  Industry  and  Trade.  —  A  study  of 
trade  movements  and  commercial  activities  relating  to  agricultural  products. 
Fall  term,  alternate  years,  odd.     3-5  credits. 

Assistant  Professor  Jefferson. 

155.  The  Agricultural  Market.  —  A  study  of  the  forces,  methods  and 
institutions  of  the  market  for  agricultural  products.  Spring  term,  yearly. 
5  credits. 

Professor  Cance. 

156.  Specific  Problems  in  Marketing  Farm  Products.  —  Reports  and 
discussions.    Alternate  years,  odd.    3  credits. 

Professor  Cance. 

160.  Agricultural  Prices.  —  Winter  term,  yearly.    3  credits. 

Assistant  Professor  Sawtelle. 

161.  Agricultural  Prices.  —  Spring  term,  yearly.    3  credits. 

Assistant  Professor  Sawtelle. 

165.  Transportation  of  Agricultural  Products.  —  Elementary  dis- 
cussion and  report.    Winter  term,  yearly.    5  credits. 

Professor  Cance. 

166.  Specific  Transportation  Problems.  —  Original  study,  reading  and 
report  on  certain  transportation  problems  related  to  agriculture.  Alternate 
years,  odd.     3-5  credits. 

Assistant  Professor  Sawtelle. 

170.  Co-operation  in  Agriculture.  —  Elementary  problems  and  dis- 
cussion. May  be  taken  in  connection  with  Course  50.  Winter  term,  yearly. 
5  credits. 

Professor  Cance. 
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171,  172.  Special  Problems  in  Co-operation  for  Economic  Purposes. 
—  Study,  original  investigation  and  discussion.  Every  third  year,  beginning 
1922.     3-5  credits. 

Professor  Cance. 

175.  Agricultural  Credit.  —  Readings  and  reports  in  addition  to  class 
lectures  on  agricultural  credit.  Taken  in  connection  with  Course  78.  Spring 
term,  yearly.     3-5  credits. 

Assistant  Professor  Sawtelle. 

180.  Elementary  Principles  of  Statistics.  —  Chiefly  related  to  agri- 
culture. Lectures,  laboratory  studies  and  original  work.  Taken  in  connec- 
tion with  Course  79.    Fall  term,  yearly.    5  credits. 

Assistant  Professor  Sawtelle, 

181.  Specific  Problems  in  Statistics  of  Agriculture.  — Alternate  years, 
even.    3-5  credits. 

Assistant  Professor  Sawtelle, 

185.  Rural  Law.  —  Corresponds  to  Course  78.  Spring  term,  yearly. 
5  credits. 

Professor  Hart. 

186.  Studies  in  Agricultural  Legislation.    3-5  credits. 

The  Department. 

190-195.  Investigation  of  Various  Problems  related  to  Agricul- 
tural Economics.  —  Credit  given  on  basis  of  time  spent  and  reports  sub- 
mitted. 

200.  Thesis.  —  Credits  on  basis  of  work  accompHshed. 

Agricultural  Education.  —  Graduate  work  is  offered  in  this  department 
as  a  major  or  a  minor  for  the  degree  of  master  of  science,  and  as  a  minor  for 
the  degree  of  doctor  of  philosophy. 

1 .  Prerequisites  for  Major  Study.  —  A  minimum  of  25  credits  distributed 
among  the  following  lines  of  study:  history  of  philosophy;  descriptive,  edu- 
cational, genetic  or  experimental  psychology;  history  of  education;  principles 
and  methods  of  teaching;  school  organization  and  administration  and  a  haK 
year's  experience  in  teaching.  Students  of  rural  education  will  also  be  re- 
quired to  have  some  knowledge  of  rural  sociology  and  economics  unless  their 
minor  is  in  one  of  these  fields. 

2.  Graduate  Study.  —  The  lines  of  graduate  study  are  represented  by  the 
following  courses.    A  minimum  of  50  credits  is  required. 

100.  History  of  Agricultviral  Education,             .....  1-10  credits. 

105.  Principles  and  Methods  of  teaching  Agriculture  and  Agricultural 

Science,    ...........  1-20  credits. 

110.  Rural  Education  —  Its  Organization  and  Administration,  .          .  1-20  credits. 

115.  Supervision  and  Administration  of  Agricultural  Education,          .  1-  5  credits. 

120.  Theory  of  Vocational  Education,      ......  1-10  credits. 

125.  Preparation  of  Teachers  of  Agriculture,    .          .          .          .          .  1-10  credits. 

130.  General  Educational  Theory  and  Practice,         ....  1-15  credits. 

135.  Educational  Literature,            .......  1-10  credits. 

140.  Educational  Research,    ........  1-10  credits. 

150.  Thesis, 15-25  credits. 
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Some  of  the  above  courses  are  intended  to  give  extended  and  more  intensive 
work  than  corresponding  undergraduate  courses.  In  planning  the  work  of 
any  individual  student  only  such  of  the  above  courses  will  be  required  as  have 
some  bearing  upon  his  problem  either  in  an  immediate  or  supportive  way. 

Graduates  of  other  than  agricultural  colleges  who  wish  to  take  their  major 
work  in  some  phase  of  rural  education  will  be  required  to  present  evidence  of 
a  knowledge  of  rural  life  and  rural  industries  both  scientific  and  practical. 
This  may  involve  the  study  of  numerous  undergraduate  courses  in  agriculture 
or  horticulture  without  graduate  credit. 

1.  Prerequisites  for  Minor  Study.  —  A  total  of  15  credits  of  undergraduate 
work,  5  of  which  must  be  in  the  history  of  education. 

2.  Graduate  Study.  —  A  minimum  of  25  credits  of  graduate  study.  These 
may  be  earned  in  undergraduate  courses  which  the  student  has  not  had,  or 
in  any  of  the  graduate  courses  which  have  a  bearing  upon  the  objective  of 
his  major  work. 

Agronomy  (Master  of  Science).  —  Graduate  students  desirous' of  taking 
major  work  in  agronomy  should  have  had  a  good  training  in  the  funda- 
mentals of  the  natural  sciences,  since  agronomical  problems  involve  the  appli- 
cation of  the  natural  sciences  especially.  They  should  have  taken  Agronomy 
27  and  50,  or  their  equivalents,  and  other  courses  given  by  this  department 
along  the  line  of  the  problem  on  which  they  will  work,  and  should  have  a 
command  of  the  laboratory  technique  required  for  their  problems.  Problems 
may  be  chosen  in  which  particular  attention  is  devoted  to  soils,  fertihzersor 
field  crops.  The  specific  problem  is  selected  in  conference  with  the  major 
adviser,  consideration  being  given  to  the  student's  desires  and  abilities. 

Although  this  department  does  not  attempt  to  limit  the  field  of  research 
in  agronomy,  the  following  phases  are  suggested  to  the  prospective  graduate 
student :  — 

151.  Field  Crop  Production.  —  (a)  Varieties:  Classification;  adaptation 
to  climatic  and  soil  conditions,  etc. 

(b)  Distribution  as  affected  by  natural  and  economic  conditions. 

(c)  Cultural  methods:  Early  and  late  planting  of  the  potato  seed  crop, 
of  silage  com;  spacing  of  plants;  keeping  qualities  as  affected  by  time  and 
methods  of  harvesting;  tillage  and  moisture  control,  etc. 

(d)  Storage  of  cereals,  roots  and  tubers  as  affected  by  aeration,  tempera- 
ture, humidity,  previous  treatment,  etc. 

175.  Soil  Technology.  —  Soil  Physics.  Textural  relationships  of  soil 
classes;  adsorption  phenomena;  physical  properties  in  relation  to  mineral- 
ogical  and  chemical  properties;  soil  stnicture;  moisture  relationships;  the 
colloidal  conditions  of  soils,  etc. 

177.  Soil  Fertility.  —  (a)  Soil  Chemistry.  Nitrogen  fertilization,  includ- 
ing commercial  supply  and  gain  or  loss  under  different  systems  of  soil  manage- 
ment; absorption  of  potash  and  phosphoric  acid;  sulfur  fertilization;  soil 
acidity,  etc. 

(&)  Soil  Biology.  Fixation  of  nitrogen  by  symbiotic  and  nonsymbiotic 
organisms;  changes  of  green  and  animal  manures  in  the  soil, — ammonifi- 
cation  and  nitrification;  care  and  preservation  of  manurep;  humus  in  re- 
lation to  soil  fertility,  etc. 

178.  Crop  Improvement.  —  Involves  the  application  of  the  principles  of 
plant-breeding  to  special  crops. 

After  the  selection  of  a  topic  for  investigation  the  student  is  required  to 
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formulate  the  problem  in  detail,  develop  a  line  of  attack,  carry  on  the  work 
and  present  the  results  in  a  thesis  acceptable  to  the  staff  of  the  Graduate 
School.  The  student  is  required  to  familiarize  himself  with  the  literature 
bearing  on  the  subject. 

A  graduate  student  taking  a  minor  in  this  department  will  be  required 
first  to  take  certain  of  the  regular  courses  ofTered  by  the  department,  unless 
he  has  already  had  them  or  their  equivalents.  The  work  assigned  will  then 
depend  somewhat  on  the  time  required  to  complete  these  courses. 

It  is  the  aim  of  the  department  to  supply  laboratory,  greenhouse  and  field 
facilities  for  attacking  agronomical  problems  through  most  of  the  known 
means.  These  facilities  are  intended  primarily  for  the  use  of  graduate  stu- 
dents doing  major  work  in  agronomy,  but  others  will  be  allowed  to  use  them 
when  circumstances  permit. 

Animal  Husbandry  (Master  of  Science).  —  Course  A.  Animal  Breed- 
ing. ■ — ■  101.  Reading.  —  Thorough  survey  of  the  scientific  works  dealing  with 
plant  and  animal  breeding  and  improvement. 

102.  Project.  —  Each  student  must  outline  and  piu-sue  some  Mendelian 
problem. 

103.  Thesis.  —  This  is  to  be  a  complete  treatise  of  the  problem  which  the 
student  undertakes;  it  should  be  a  valuable  contribution  to  the  present 
knowledge  of  the  question  of  animal  breeding. 

Course  B.  Animal  Nutrition.  —  This  course  is  in  outline  similar  to  A.  It 
is  designed  to  cover  the  field  of  nutrition,  feeding  and  management  of  live  stock. 

110.  Seminar.  —  Regular  periods  will  be  devoted  to  a  discussion  of  the 
projects  undertaken,  together  with  criticisms  of  the  available  material  on  the 
question  pursued. 

111.  Reading.  —  The  student  is  to  make  a  very  complete  survey  of  experi- 
mental and  periodical  literature  dealing  with  the  various  phases  of  the  subject. 

112.  Practice.  —  Before  the  completion  of  the  work  for  the  degree,  the  stu- 
dent must  have  the  equivalent  of  at  least  one  year's  continuous  work  on  an 
approved  live-stock  farm. 

113.  Conferences.  ■ —  Regular  periods  to  discuss  progress  of  the  work. 
Animal  Pathology  (Minor  Course  only).  —  101.     Reviews  in  anatomy. 
102.  Reviews  in  organography  and  histology. 

110.  Special  lectures  and  readings  in  general  and  special  pathology. 

111.  Laboratory  studies  in  general  and  special  pathology. 

112.  Pathological  technique. 
120.  Conferences. 

Botany  (Major  Courses).  —  The  equivalent  of  certain  undergraduate 
courses,  determined  in  the  case  of  each  student  by  the  department,  is  pre- 
requisite. Candidates  for  the  degree  of  master  of  science  are  required  to  pass 
a  final  examination  in  writing.  A  final  examination  in  writing  before  the 
department  and  an  oral  examination  before  the  graduate  staff  must  be  passed 
by  candidates  for  the  degree  of  doctor  of  philosophy.  Candidates  for  the  latter 
degree  are  required  to  attend  all  graduate  lectures  given  by  the  department. 
Candidates  for  the  degree  of  master  of  science  will  take  those  lectures  given 
during  their  period  of  study  in  the  department.  All  lecture  courses  will  be 
given  in  rotation,  except  Courses  100  and  101,  which  will  come  every  year. 
There  will  be  at  least  three  lectures  a  week  throughout  the  fall,  winter  and 
spring  terms.  These  lecture  Courses  100  to  107,  outlined  below,  are  designed 
to  cover  a  period  of  three  years. 
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100.  Plant  Physiology.  —  The  lectures  will  consider,  under  the  nutrition 
of  the  plant:  its  chemical  structure,  absorption  of  various  nutrient  substances 
and  their  changes  in  the  plant,  assimilation  and  dissimilation  of  carbon  and 
nitrogen  by  autotrophic  and  heterotrophic  plants;  under  changes  in  the  form 
of  plants:  growth  and  form  under  constant  external  factors,  the  influence  of 
variable  external  and  inner  factors  on  growth,  form  and  development;  and 
under  plant  movements:  the  various  tropisms,  nutations,  etc.  Supplemental 
demonstrations,  laboratory  work  and  readings  in  the  standard  texts  and 
journals.    One  lecture  a  week  for  36  weeks. 

101.  Plant  Pathology.  —  A  general  consideration  of  the  history,  nature 
and  causes  of  plant  disease;  parasitism,  predisposition  immunity,  degenera- 
tion, natural  and  artificial  infection,  dissemination,  epidemics,  biologic  strains, 
monstrosities  and  malformations,  proliferation,  prevention  and  control,  eco- 
nomics of  plant  diseases.    One  lectiue  a  week  for  36  weeks. 

102.  NoEMAL  AND  PATHOGENIC  METABOLISM.  —  The  lectures  in  this  subject 
embrace,  in  more  or  less  detail,  comparative  consideration  of  the  metabolism 
of  the  host  in  health  and  disease;  the  metabolism  of  the  parasite  under  varying 
conditions;  enzyme  activities  in  host  and  parasite;  methods  of  preparation 
and  determination  of  enzyme  activities;  chemical  and  physical  changes  in- 
duced in  plant  tissue  by  parasites;  immunity,  etc.  Current  investigations 
and  new  phases  of  the  subjects  under  discussion  will  also  receive  attention  as 
they  appear.     One  hour  a  week  for  24  weeks. 

103.  Biologic  Relations.  —  Consideration  of  certain  phases  of  the  mor- 
phological and  physiological  adaptations  of  plants  with  regard  to  insect  visit; 
the  role  of  thorns,  hairs,  tendrils,  glands,  etc.  Various  experiments  wiU  be 
made  to  test  out  experimentally  some  of  the  existing  theories  concerning 
biologic  adaptations.     One  lecture  a  week  for  12  weeks. 

104.  The  Ecology  of  Plants.  —  This  com-se  deals  with  the  water,  light  and 
temperature  relations  of  plants,  and  the  various  adaptations  in  response  to 
these  factors;  the  various  types  of  plant  formation;  the  migration  of  plants; 
the  competition  of  plants;  invasion  and  successions  of  plants  under  varied 
conditions;  and  the  various  types  of  alternations  and  zonations.  One  lecture 
a  week  for  12  weeks. 

105.  Physiological  Plant  Pathology.  —  This  course  considers  those 
plant  diseases  not  due  to  bacterial  or  fungous  parasites,  but  resulting  from  un- 
favorable physical  or  chemical  conditions  of  the  soil;  from  harmful  atmos- 
pheric influences,  such  as  too  dry  air,  too  much  moisture,  hail,  wind,  lightning, 
frost;  from  injurious  gases  and  liquids;  from  lack  of  or  too  much  light;  from 
wounds.  A  knowledge  of  the  normal  physiology  of  the  plant  is  required. 
Demonstrations  and  laboratory  work  will  be  given,  together  with  assigned 
readings.     One  lecture  a  week  for  12  weeks. 

106.  History  of  Botany.  —  A  historical  survey  of  the  science;  lives  of 
noted  botanists;  history  of  certain  culture  plants,  such  as  wheat,  corn,  coffee, 
potato,  rice,  and  their  influence  on  civilization;  reading.  One  lecture  a  week 
for  18  weeks. 

Courses  107  to  112,  inclusive,  are  primarily  undergraduate  work  which  may 
be  taken  for  minor  credit  toward  advanced  degrees.  Occasionally,  in  cases  of 
special  need,  major  students  are  permitted  to  take  specified  work  in  these 
courses  for  graduate  credit.  The  maximum  number  of  major  credits  which 
may  be  earned  in  this  way  toward  the  master's  degree  is  20,  and  for  the  doctor's 
degree,  32. 
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107.  Systematic  Mycology.  —  See  undergraduate  Courses  52-54. 

108.  Systematic  Botany  of  the  Higher  Plants.  —  See  undergraduate 
Courses  58,  59. 

109.  Plant  Histology.  —  See  undergraduate  Courses  55,  56. 

110.  Cytology  and  Embryology.  —  See  undergraduate  Courses  82,  83. 

111.  Plant  Pathology.  - —  See  undergraduate  Courses  75-77. 

112.  Plant  Physiology.  —  See  undergraduate  Courses  78-80. 

113.  The  Comparative  Anatomy  of  Green  Plants.  —  In  the  lectures 
an  intensive  study  is  directed  to  the  comparative  anatomy  of  green  plants 
from  the  evolutionary  standpoint.  Particular  emphasis  is  laid  upon  the 
woody  forms  both  living  and  extinct.  Of  the  latter  the  department  is  fortunate 
in  possessing  excellent  sets  of  micro-preparations  and  lantern  slides.  Two 
lectures  and  one  laboratory  period  for  24  weeks.     6  credits. 

114.  Seminar.  —  A  weekly  seminar  for  members  of  the  department  staff, 
graduate  students  and  major  senior  students  is  held,  at  which  important  cur- 
rent botanical  papers  are  discussed.  Attendance  and  participation  are  required. 
3  credits. 

115.  Collateral  Reading.  —  Extensive  reading  of  botanical  literature  in 
English,  German  and  French,  designed  to  give  the  student  a  broad  knowledge 
of  the  science,  is  required  of  all  major  students.  Final  examinations  are  based 
in  part  upon  this  reading  course.     5  to  10  credits. 

116.  Thesis.  —  Each  major  student  is  required  to  select  a  problem  in  plant 
pathology  or  phj^siology  (in  other  branches  at  the  discretion  of  the  department) 
for  original  investigation,  and  the  thesis  must  embody  a  distinct  contribution 
to  knowledge.  An  effort  will  be  made  to  assign  problems  having  some  bearing 
on  scientific  and  economic  agriculture.  The  thesis  work  counts  for  not  more 
than  50  per  cent  of  the  total  number  of  major  credits  required  for  either  degree. 

Minor  Course.  —  For  a  minor  a  student  may  take  such  of  the  work  offered 
by  the  department  as  seems  best  suited  to  his  major  course.  In  most  cases 
no  problem  will  be  assigned. 

Professors  Osmtjn,  Anderson,  Clark,  Torrey  and . 

Chemistry.  —  I.  Major  courses  for  the  degree  of  master  of  science.  Stu- 
dents will  be  required  to  take  Courses  101,  108  to  114.  In  addition  to  this  the 
requirements  in  the  various  thesis  subjects  are:  — 

Organic  and  Bio-Chemistry.  —  Courses  115  and  either  105,  106  or  107, 
and  6  hours  for  one  term  selected  from  Courses  103  (6)  and  (/),  and  104. 

Analytical  and  Industrial  Agricultural  Chemistry.  —  Courses  116, 
103  (6  hours),  and  6  hours  for  one  term  selected  from  Courses  102,  104  to  107. 

Physical  Chemistry.  —  Courses  104,  117,  and  6  hours  for  one  term  se- 
lected from  Courses  102,  103,  105  to  107. 

Agricultural  Chemistry.  —  Courses  103  (6  hours),  118,  and  6  hours  for 
one  term  selected  from  Courses  102,  104  to  107. 

The  candidate  must  pass  a  final  written  and  oral  examination  before  the 
Department  of  Chemistry  upon  undergraduate  Courses  1  to  80,  inclusive, 
and  upon  all  graduate  work  taken  in  chemistry  by  him. 

II.  Major  course  for  the  degree  of  doctor  of  philosophy.  Students  will  be 
required  to  take  Courses  101  to  114,  and  one  course  selected  from  115  to  118. 
In  addition,  the  student  may  be  required  to  spend  at  least  two  terms  or  one 
semester  at  some  other  recognized  institution  pursuing  graduate  work  in 
chemistry.    The  candidate  must  pass  a  final  written  examination  before  the 
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Department  of  Chemistry,  and  an  oral  examination  before  the  ^aduate  staff, 
upon  the  whole  field  of  chemistry,  and  must  be  especially  well  prepared  in  the 
lines  of  work  covered  by  his  research. 

III.  Minor  course  for  the  degrees  of  master  of  science  and  doctor  of  phi- 
losophy. Students  wiU  be  required  to  take  work  totaUng  at  least  25  credits. 
This  may  be  selected  from  any  of  the  undergraduate  Courses  27  and  51  to  80, 
or  any  of  the  graduate  courses  for  which  the  student  is  prepared.  In  addition, 
the  candidate  may  be  required  to  pass  a  final  written  and  oral  examination 
before  the  Department  of  Chemistry  upon  the  courses  taken  and  such  an  ex- 
amination as  may  be  prescribed  upon  undergraduate  Courses  27  and  51  to  80, 
or  their  equivalent. 

The  following  is  a  list  of  the  courses :  — 

101.  Inorganic  Preparations.  —  Laboratory.  The  preparation  of  chem- 
ical products  from  raw  materials.  The  manufacture  and  testing  of  pure 
chemicals.  The  laboratory  work  is  essentially  synthetic  in  nature,  and  is 
designed  to  aid  in  acquiring  a  more  adequate  knowledge  of  inorganic  chem- 
istry than  is  to  be  obtained  by  chemical  analysis  alone.  Ten  to  fifteen  of  the 
preparations  given  in  Biltz's  "Laboratory  Methods  of  Inorganic  Prepara- 
tions" will  be  made  by  each  student.    Any  term.    3  credits. 

Assistant  Professor  Serex. 

102.  Advanced  Inorganic  Preparations.  —  Laboratory.  Continuation 
of  Course  101.    Any  term.    3  credits. 

Assistant  Professor  Serex. 

103.  Advanced  Analytical  Chemistry.  —  Laboratory.  This  course  may 
be  taken  in  part  as  follows:  (a)  electrolytic  analysis,  6  hours;  (b)  ultimate 
analysis,  6  hours;  (c)  special  analytical  work  to  meet  the  needs  of  the  indi- 
vidual student,  6  hours.  In  addition,  parts  of  undergraduate  Courses  62, 
76  and  77  may  be  taken,  as  follows:  (d)  fertilizers,  6  hours;  (e)  insecticides, 
6  hours;  (/)  milk  and  butter, /6  hours,  (a),  (b),  (c)  may  be  taken  any  time; 
(d)}  (^))  (/)  must  be  taken  at  the  time  the  vmdergraduate  course  is  given. 

Professors  Wellington  and  Peters. 

104.  Advanced  Physical  Chemistry.  —  Laboratory.  Measurement  of  the 
electrical  conductivity  of  solutions;  degree  of  ionization;  ionization  constants; 
per  cent  hydrolysis  of  aniline  hydrochloride  from  conductivity  measurements; 
solubility  product  by  the  conductivity  method;  velocity  of  saponification  by 
conductivity;  neutralization  point  by  conductivity;  vapor  pressure  determiaa- 
tions;  critical  temperature  of  carbon  dioxide  or  sulphur  dioxide;  transport 
numbers;  preparation  and  properties  of  colloidal  solutions;  transition  points 
by  dilatometric  method;  heat  of  solution  of  ammonium  chloride  and  potas- 
sium nitrate;  adsorption  of  iodine  by  charcoal;  splitting  of  racemic  glycerinic 
or  racemic  tartaric  acids  into  their  optical  components.  To  each  student  sepa- 
rate work  will  be  assigned.    Any  term.    3  credits. 

Assistant  Professor  Serex. 

105.  Advanced  Organic  Preparations.  —  Laboratory.  The  prepara- 
tion of  compounds  not  included  in  Courses  51  and  52,  such  as  the  Kolbe 
synthesis  of  salicyUc  acid;  benzophenone  and  Beckmann's  rearrangement) 
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rosaniline,  malachite  green,  congo  red,  indigo  and  other  dyes;  synthesis  of 
fructose;  Grignard  reaction.  Barnett,  Cain  and  Thorpe,  Gatterman,  Noyes, 
Fischer  and  other  laboratory  guides  are  used.  To  each  student  separate 
work  will  be  assigned.    Any  term.    3  credits. 

Professor  Chamberlain. 


106.  Advanced  Bio-Chemistrt.  —  Laboratory.  The  hydrolysis  of  pro- 
teins and  isolation  of  the  amino  acids;  the  study  of  milk,  blood  and  urine; 
dietary  and  digestion  studies.  References:  Abderhalden,  Plimmer,  Sal- 
kowski.  Hawk,  etc.  To  each  student  separate  work  will  be  assigned.  Any 
term.     3  credits. 

Professor  Chamberlain. 

107.  Industrial  Organic  Chemistry.  —  Laboratory.  The  preparation, 
on  a  large  scale,  of  wood  alcohol,  acetic  acid,  ethyl  alcohol,  benzene  and  cellu- 
lose products,  such  as  mercerized  cotton  and  artificial  silk.  References: 
Molinari,  Rodgers  and  Aubert,  Thorpe,  Enzyklopadie  der  tech.  Chemie, 
etc.    To  each  student  separate  work  will  be  assigned.    Any  term.    3  credits. 

Professor  Chamberlain. 

108.  Theoretical  Chemistry.  —  Lectures.  The  following  topics  are  con- 
sidered: the  compressibiUty  of  the  atoms;  the  structure  of  atoms;  the  electron 
conception  of  valence.    First  term,  1  hour.    Alternates  with  Course  109. 

Professor  Peters. 

109.  Analytical  Chemistry.  —  A  general  survey  of  methods  and  tech- 
nique covering  processes  commonly  carried  out  in  the  laboratory.  Gooch's 
Quantitative  Analysis  is  used  as  a  text.  First  term,  1  hour.  Alternates  with 
Course  108. 

Professor  Peters. 

110.  Organic  Chemistry.  —  Lectures.  Some  of  the  following  topics  will 
be  considered  both  theoretically  and  industrially:  alkaloids,  synthetic  dyes, 
essential  oils,  terpenes,  rubber,  etc.;  the  study  of  methods  for  carrying  out 
general  reactions;  isomerism,  tautomerism,  condensation,  etc.  References, 
Cain  &  Thorpe,  Cohen,  chemical  monographs,  Lassar-Cohn,  Heinrichs, 
Molinari.    Second  term,  1  hour.    Alternates  with  Course  111. 

Professor  Chamberlain.  . 

111.  Bio-Chemistry.  —  Lectures.  Some  of  the  following  topics  wiU  be 
considered  both  chemically  and  physiologically:  fats,  cholesterol,  lecithin, 
carbohydrates,  amino  acids,  proteins,  urea,  uric  acid,  purine  bases,  enzymes, 
fermentation,  animal  food  and  nutrition,  photosynthesis.  References,  Mono- 
graphs on  Bio-Chemistry,  Abderhalden,  Plimmer,  Haas  &  Hill,  Lewkowitsch, 
Fischer,  Euler,  Mathews,  Czapek.  Second  term,  1  hour.  Alternates  with 
Course  110. 

Professor  Chamberlain. 
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112.  Theoeetical  akd  Physical  Chemistry.  —  Lectures.  The  relation 
between  the  constitution  and  properties  of  compounds;  mutarotation;  steric 
hindrances;  stereoisomerism  of  other  elements  than  carbon;  molecular  asso- 
ciation; similarity  between  the  compounds  of  siUcon  and  carbon.  Third  term, 
1  hour.    Alternates  with  Course  113. 

Assistant  Professor  Serex. 

113.  Theoretical  and  Physical  Chemistry.  —  Lectures.  Radioactivity; 
the  apphcation  of  physical  chemistry  to  industrial  chemistry.  Third  term, 
1  hour.    Alternates  with  Course  112. 

Assistant  Professor  Serex. 

114.  Seminar.  —  Conferences,  reports  or  lectures.  Three  terms,  twice  a 
month,  1|  hours. 

Professor  Lindsey. 

115.  Research  in  Organic  and  Bio-Chemistry.  —  Three  terms.  A 
minimum  of  20  hours'  laboratory  work  per  week.  Credit  determined  by 
amount  of  work  done. 

Professor  Chamberlain. 

116.  Research  in  Analytical  or  Agricultural  Industrial  Chemistry. 
—  Three  terms.  A  minimum  of  20  hours'  laboratory  work  per  week.  Credit 
determined  by  the  amount  of  work  done. 

Professor  Wellington  and  Professor  Peters. 

117.  Research  in  Physical  Chemistry.  —  Three  terms.  A  minimum  of 
20  hours'  laboratory  work  per  week.  Credit  determined  by  amount  of  work 
done. 

Assistant  Professor  Serex. 

118.  Research  in  Agricultural  Chemistry.  —  Three  terms.  A  mini- 
mum of  20  hours'  laboratory  work  per  week.  Credit  determined  by  amoimt 
of  work  done. 

Professor  Lindsey  and  Experiment  Station  Associates. 

Entomology.  —  A.  Major  courses  for  the  degree  of  doctor  of  philosophy. 
Students  must  have  had  the  undergraduate  courses  in  entomology  given  at 
this  college,  or  their  equivalent.  If  deficient  in  any,  opportunities  to  obtain 
them  while  taking  the  graduate  work  are  available. 

The  graduate  courses  consist  of  lectures  on  aU,  and  laboratory  work  on  a 
part,  of  the  subjects  given  below,  together  with  advanced  readings,  seminar 
work  and  original  research. 

1.  Morphology.  —  1.  Embryonic  development  of  insects  and  poly- 
embryony. 

2.  Metamorphosis  and  its  interpretations. 

3.  Advanced  external  and  internal  anatomy. 

4.  Insect  histology. 

5.  Ancestry  and  development  of  insects,  including  fossil  insects. 

6.  Hermaphrodites  in  insects. 

7.  Hybrids. 

8.  Parthenogenesis,  pedogenesis  and  heterogeny. 
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9.  Chemistiy  and  physics  of  insect  colors. 

10.  Color  patterns,  their  significance  and  value. 

11.  Luminosity. 

12.  Deformities. 

13.  Variation  in  insects. 

II.  Ecology.  —  1.  Dimorphism  and  polymorphism. 

2.  Mimicry,  including  concealment,  protective  devices  and  warning  color- 
ation. 

3.  Architecture  of  insect  structures. 

4.  Relation  of  insects  to  plant  fertilization  and  its  importance. 

5.  Insect  products  of  value  to  man. 

6.  Geographical  distribution  and  methods  of  distribution  of  insects,  with  a 
consideration  of  life  zones,  barriers,  etc. 

7.  Insect  migrations. 

8.  Insect  behavior  and  experimental  entomology. 

III.  Economic.  —  1.  Control  methods. 

2.  Insect  photography  and  methods  of  preparing  illustrations. 

3.  Field  work  and  life  history  investigations  with  methods  for  keeping 
records. 

4.  Legislation  about  insects. 

5.  Studies  of  insecticides  and  their  application. 

IV.  Systematic.  —  1.  History  of  entomology. 

2.  Rules  of  nomenclature  and  how  they  are  used. 

3.  Abundance  of  insects. 

4.  Important  collections,  public  and  private;  their  location  and  their  value. 

5.  Types  of  insects:  their  significance,  importance  and  location. 

6.  Lives  and  work  of  prominent  entomologists. 

7.  Methods  for  collecting,  preparing,  preserving  and  shipping  insects. 

V.  Seminak.  —  Readings  and  reports  on  the  current  literature  of  ento- 
mology; monthly  meetings. 

VI.  Collateral  Readings.  —  The  best  articles  on  the  various  topics  in 
entomology  are  assigned  for  collateral  readings,  and  are  included  in  the  final 
examinations. 

VII.  Thesis.  —  Original  research  on  one  or  several  topics  in  morphology, 
ecology,  economic  and  systematic  entomology.  This  is  expected  to  require 
from  one-half  to  three-quarters  of  the  total  working  time  of  the  student. 
The  thesis  must  give  the  results  of  original  investigation  and  be  of  sufficient 
merit  for  pubHcation. 

B.  A  major  course  for  the  master  of  science  degree  wiU  be  about  haK  of 
the  above. 

C.  Minor  courses  wiU  cover  such  parts  of  the  work  outlined  above  as  will 
be  most  likely  to  prove  useful  in  connection  with  the  majors  taken  by  the 
students,  or  in  their  future  work.  It  is  not  required  that  such  men  shaU  have 
had  all  the  undergraduate  work  in  entomology  given  at  this  college,  their 
credit  for  a  minor  beginning  where  their  own  undergraduate  training  in  the 
subject  ended. 

Horticulture.  —  Graduate  work  is  offered  in  various  lines  of  horticulture. 
For  the  most  part  this  is  divided  into  the  different  departments  which  con- 
stitute the  college  Division  of  Horticulture,  as  follows:  pomology,  floriculture, 
landscape  gardening,  forestry  and  market  gardening.  For  work  in  these  lines 
application  should  be  made  direct  to  the  heads  of  the  several  departments. 
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Besides  this  work,  however,  opportunity  is  offered  for  graduate  study  in 
general  horticulture,  including  topics  from  the  several  organized  departments 
mentioned,  and  also  questions  relating  to  plant  breeding,  general  evolution, 
propagation,  manufacture  of  horticultural  products,  etc.  This  general  work 
is  under  the  direction  of  Professor  Waugh,  head  of  the  Division  of  Horticulture. 

Landscape  Architecture  (Major  Course).  —  Every  student  before  receiv- 
ing his  master's  degree  in  landscape  architecture  must  have  given  some  thor- 
ough and  fruitful  study  to  each  of  the  following  five  departments.  As  far  as 
possible  these  studies  must  be  of  a  practical  nature,  i.e.,  they  must  be  made 
upon  actual  projects  in  progress  of  development. 

1.  Theoey.  —  The  principles  of  esthetics  as  applied  to  landscape  archi- 
tecture. 

2.  Design.  —  The  principles  of  pure  design  and  their  apphcation  in  land- 
scape and  garden  planning. 

3.  Construction.  —  The  practical  methods  of  carrying  out  landscape  plans, 
laying  out,  equipment,  organization  of  working  force,  time  and  cost  keeping, 
etc. 

4.  Maintenance.  —  Methods,  organization,  cost. 

5.  Practice.  —  Ofl&ce  work,  drafting,  estimating,  reporting,  charges,  ac- 
counting. 

Qualifications.  —  Each  student  before  he  may  receive  the  master's  degree 
with  a  major  in  this  department  must  convince  his  instructors  that  he  has 
a  genuine  aptitude  for  some  branch  of  landscape  gardening,  either  in  design, 
construction  or  management. 

The  minimum  period  of  graduate  study  will  be  one  and  one-half  years. 
At  least  one  year  of  this  time  must  be  spent  in  residence  at  the  coUege,  and 
also  one  year  must  be  spent  in  practice  outside  the  college.  The  work  done 
outside  the  college  may  be  prescribed  by  the  department,  and  must  be  fully 
reported  to  the  department  in  writing.  It  is  essential,  further,  that  the  candi- 
date sedu-e  the  written  approval  of  his  employers  outside  the  coUege.  The 
department  may,  at  its  discretion,  require  a  longer  period  of  study  at  the 
coUege  or  a  longer  apprenticeship  outside  the  college. 

Course  of  Study.  —  While  great  freedom  is  allowed  to  graduate  students  in 
their  plans  of  work,  a  certain  portion  of  time  will  always  be  given  to  systematic 
courses  of  instruction.  Those  available  for  graduate  students  in  landscape 
architecture  are  as  follows :  — 

175.  Theort  of  Landscape  Art.  —  Same  as  Landscape  Gardening  75. 
First  term.     3  credits. 

Professor  Waugh. 

176.  Civic  Art.  —  Same  as  Landscape  Gardening  76.  Second  term. 
4  credits. 

Professor  Waugh. 

177.  Country  Planning.  —  Same  as  Landscape  Gardening  77.  Third 
term.     4  credits. 

Professor  Waugh. 

178.  Architecture.  —  Given  in  alternate  years.  Same  as  Landscape 
Gardening  78.    Third  term.    3  credits. 

Assistant  Professor  Harrison. 
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179.  Construction.  —  Given  in  alternate  years.  Same  as  Landscape 
Gardening  79.    Third  term.    3  credits. 

Assistant  Professor  Haerison. 

180.  Theory  op  Design.  —  Same  as  Landscape  Gardening  80.  First 
term.     4  credits. 

Professor  Watjgh. 

181.  Estate  Design.  —  Same  as  Landscape  Gardening  81.  Second  term. 
4  credits. 

Assistant  Professor  Harrison. 

182.  Park  Design.  Same  as  Landscape  Gardening  82.  Third  term.  4 
credits. 

Assistant  Professor  Harrison. 

190.  Theory.  —  Special  studies.    2-10  credits. 

191.  Design.  —  Individual  problems  by  arrangement.    2-10  credits. 

192.  Construction.  —  Individual  problems  by  arrangement.    2-10  credits. 

193.  Maintenance.  —  Special  studies,  experimental  work  or  assigned  prob- 
lems. 2-10  credits. 

194.  Practice.  —  Professional  field  work  under  supervision.  By  arrange- 
ment. 2-10  credits. 

195.  Thesis.  —  By  arrangement.     5-20  credits. 

Thesis  or  Project.  —  Each  student  before  receiving  the  master's  degree  with 
a  major  in  landscape  architecture  must  present  a  satisfactory  thesis  or  com- 
plete project.  A  thesis  will  consist  of  a  careful  original  study  of  some  problem 
in  landscape  architecture,  presented  in  typewritten  form  with  any  necessary 
illustrations,  such  as  photographs,  diagrams,  drawings,  etc.  A  project  will 
consist  of  a  completed  set  of  studies  of  some  suitable  landscape-gardening 
problem,  such  as  the  design  of  a  park,  a  real  estate  subdivision,  an  extensive 
playground.     Such  a  project  wiU  usually  consist  of  — 

(a)  Original  surveys,  including  topography. 

(6)  Block  plans,  showing  original  design. 

(c)   A  rendered  plan  or  plans  of  the  main  features. 

{d)  Detailed  working  drawings. 

(e)  Estimates  of  cost. 

(/)    Complete  report  and  letter  of  transmittal. 

Minor  Course.  —  Any  student  electing  a  minor  in  landscape  architecture 
will  be  directed  to  take  such  courses  from  the  regular  catalogue  list  as  may 
seem  most  suitable  for  him.  Under  ordinary  circ\imstances  no  other  work 
wiU  be  given  to  students  electing  minors.  In  special  cases,  however,  individual 
problems  wiU  be  assigned  and  individual  instruction  given.  These  exceptions 
will  be  made  in  cases  where,  by  so  doing,  it  is  possible  to  give  the  student 
material  assistance  in  the  plan  of  his  major  work. 

Prerequisite  Work.  —  The  undergraduate  courses  in  the  college  known  as 
Landscape  Gardening  50,  51,  52  and  53,  Drawing  25,  26,  27,  Horticulture  27, 
50,  51,  and  Mathematics  26  and  27  will  be  considered  prerequisite  to  graduate 
work,  and  any  student  not  having  passed  these  courses  or  their  equivalent 
will  be  required  to  make  up  such  work  without  graduate  credit.  Courses 
known  as  Landscape  Gardening  75,  76,  77,  78  and  79  are  required  and  may  or 
may  not  be  accepted  for  graduate  credit,  at  the  discretion  of  the  department. 


1 
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Microbiology.  —  I.  Courses  leading  to  the  Degree  of  Doctor  of 
Philosophy.  —  1.  The  candidate  must  present  25  credits  from  the  under- 
graduate study  as  furnished  in  undergraduate  Courses  50,  51,  52,  80,  81,  82 
and  83,  or  an  equivalent,  before  he  can  enter  upon  graduate  study. 

Note.  —  Twenty-five  credits  are  required  of  undergraduates  majoring  in 
microbiology. 

2.  The  candidate  must  pursue  successfully  the  following  special  courses, 
or  their  equivalent.  These  courses  are  designed  to  give  a  comprehensive  sur- 
vey of  the  fields  indicated,  and  are  arranged  especially  for  graduate  students. 


175.  Agricultural  Microbiology, 

176.  Agricultural  Microbiology, 

180.  Soil  Microbiology,   . 

181.  Hygienic  Microbiology,    . 

182.  Dairy  Microbiology, 

183.  Food  Microbiology, 


5-10  credits. 
5-10  credits. 
5-10  credits. 
5-10  credits. 
5-10  credits. 
5-10  credits. 


'Nofe.  —  Courses  175,  176,  180,  181,  182  and  183  correspond  in  subject- 
matter  with  Courses  75,  76,  80,  81,  82  and  83  of  undergraduate  study;  the 
latter  courses  are  elementary  in  nature,  while  the  former  are  arranged  for 
intensive  advanced  study  of  graduate  character.  Candidates  will  be  required 
not  only  to  perform  the  exercises  of  the  above  courses,  but  will  be  expected 
to  report  on  prescribed  readings  and  to  assist  in  teaching  the  elementary 
classes  covering  the  same  theme  as  a  part  of  graduate  requirements. 

3.  It  will  be  necessary  to  complete  additionally  the  following  courses,  or 
their  equivalent,  open  only  to  graduate  students:  — 

150.  I,  II,  III.  Lectures  and  Study  of  Literature.  —  Continues  over 
three  years,  once  each  week.    1-5  credits  each  term. 

Professors  Marshall  and  Itano,  and  Mr.  Avery. 

151.  Cytological  and  Morphological  Studies  ajstd  Technique.  —  Given 
every  third  year.    5-10  credits. 

Professors  Maeshall  and  Itano,  and  Mr.  Avery. 

152.  Physiological  Studies.  —  Given  every  third  year.    5-20  credits. 

Assistant  Professor  Itano. 

160.  Studies  in  Technique,  as  Photomicrography,  Laboratory 
Equipment  and  Manipulation.  —  Given  every  third  year.    5-10  credits. 

Assistant  Professor  Itano. 

161.  Industrial  Fermentations.  —  5-20  credits. 

Professors  Marshall  and  Itano,  and  Mr.  Avery. 

177.  Microbial  Studies  in  Agriculture.  —  Specific  subjects.  Given 
every  third  year.     5-10  credits. 

Professors  Marshall  and  Itano. 

181a.  Special  Sanitary  or  Hygienic  Studies.  —  Given  every  third  year. 
5-10  credits. 

Professors  Marshall  and  Itano,  and  Mr.  Avery. 

200.  Research.  — ■  Some  microbiological  problem  related  to  agriculture  or 
food.  Distributed  as  may  be  most  beneficial  for  research  work.  Time  and 
credit  by  arrangement.    40-50  credits. 

Professors  Marshall  and  Itano,  and  Mr.  Avery, 
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The  thesis  prepared  must  be  satisfactory  to  the  department  and  the  gradu- 
ate staff,  and  the  candidate  must  be  ready  to  defend  it  at  his  public  examina- 
tion. Further,  following  the  presentation  of  the  thesis,  the  candidate  must 
submit  to  a  written  examination  covering  the  entire  subject  by  the  depart- 
ment and  a  public  oral  examination  under  the  auspices  of  the  graduate  staff. 

II.  Courses  leading  to  the  Degree  op  Master  op  Science.  —  1. 
Prerequisite  studies,  as  in  the  case  of  the  degree  of  doctor  of  philosophy  (I,  1). 

2.  Special  studies  as  represented  by  courses  — 

175.  Agriciiltiiral  Microbiology,         .......     5-10  credits. 

176.  Agricultural  Microbiology,         .......     5-10  credits. 

180.  Soil  Microbiology, 5-10  credits. 

181.  Hygienic  Microbiology,    .  .  .  .  .  .  .  .  5-10  credits. 

182.  Dairy  Mica-obiology,         .  .  .  .  .  .  .  .  5-10  credits. 

183.  Food  Microbiology,  ........  5-10  credits. 

3.  Courses  designed  for  graduate  students  only :  — 

150.     I,  II,  III.  Lectures  and  Study  of  Literature. 

5  credits.  Professor  Marshall,  Assistant  Professor  Itano  and  Mr.  Avebt. 

200.     I,  II,  III.  Research.     (Some  microbiological  problem  related  to  agriculture.) 

15-25  credits.  Professor  Mabshall,  Assistant  Professor  Itano  and  Mr.  Avert. 

The  thesis  submitted  must  be  satisfactory  to  the  department  and  to  the 
graduate  staff. 

The  candidate  will  be  required  to  take  a  written  examination  and  an  oral 
examination  by  the  department. 

III.  Minor  Work  in  Microbiology.  —  May  consist  of  Undergraduate 
Courses  50,  51,  52,  and  two  other  courses,  designed  to  support  the  major  work, 
from  among  Courses  175,  176,  180,  181,  182,  183.  He  will  also  be  required  to 
pursue  Graduate  Course  150  through  three  terms  (see  II,  3,  150).  In  case  the 
candidate  has  had  some  of  these  courses  he  wiU  be  required  to  take  more 
advanced  substitute  courses.  A  written  examination  over  the  subject-matter 
covered  will  be  given  at  the  close  of  the  work  of  each  course. 

Poultry  Science  (Major  Course  for  the  Degrees  of  M.Sc.  and  M.Agr.). — 

101.  Reading.  —  A  review  of  the  entire  field  of  poultry  literature,  covering 
books,  bulletins  and  special  articles,  is  made,  and  a  written  report  on  one  or 
more  subjects  required. 

110.  Seminar.  —  A  critical  review  and  a  criticism  of  the  more  important 
experiments  carried  on  at  the  various  stations  in  this  and  other  countries;  also 
a  study  of  poultry  conditions  in  foreign  countries,  methods  of  management, 
etc.,  besides  a  detailed  study  of  some  of  the  largest  poultry  projects  in  this 
country. 

120.  Anatomy  (Gross  and  Histological),  Physiology  and  Surgery.  — 
This  course  requires  a  careful  study  of  the  anatomy  and  physiology  of  the 
fowl.  Special  attention  is  given  to  a  study  of  those  structures  concerned  with 
practical  poultry  problems.  Instruction  in  surgical  technique,  adapted  to 
fowls,  may  also  be  given. 

130.  Breeding.  —  The  student  will  carry  on  such  breeding  experiments  as 
time  and  facihties  permit.  He  may  also  do  work  in  connection  with  our  reg- 
ular experimental  projects.  A  detailed  study  of  the  pertinent  hterature  will 
be  required.    Animal  Husbandry  5,  or  its  equivalent,  is  a  prerequisite. 

140.  Feeding.  —  A  study  of  the  relation  of  various  foods  and  other  sub- 
stances to  the  morphology  and  physiology  of  the  bird,  with  special  reference 
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to  such  subjects  as  egg  production,  feather  form  and  structure,  condition  of 
flesh,  bone,  etc. 

150.  Brooding.  —  Studies  will  be  made  upon  the  relation  between  viability 
and  rate  of  growth  and  the  following  topics :  type  of  brooder,  number  of  chicks 
in  brood,  ventilation,  humidity,  sanitation,  exercise  and  weather  conditions; 
also  a  comparison  of  natural  methods  with  artificial  methods  of  rearing  chicks. 
160.  Incubation  and  Embryology.  —  A  number  of  problems  of  a  practical, 
scientific  and  mechanical  nature  relating  to  incubation  are  considered.  The 
work  in  embryology  is  of  an  advanced  nature  dealing  with  its  relation  to  mor- 
phogenesis and  heredity,  and  presupposes  an  elementary  knowledge  of  the 
embryology  of  the  chick. 

170.  Poultry  Diseases  and  Sanitation.  —  In  this  course  a  study  is  made 
of  various  problems  in  poultry  sanitation,  with  particular  reference  to  methods 
relating  to  the  control  and  eradication  of  disease. 

200.  Thesis.  —  A  thesis  based  on  first-hand  work  on  some  problem  in 
poultry  biology  or  husbandry  is  required  of  all  students  working  for  the  M.  S. 
degree,  and  may  be  required  of  those  working  for  the  M.  Agr.  degree.  ^ 

Note  1 .  —  The  postgraduate  course  presupposes  all  undergraduate  work  or 
its  equivalent,  together  with  practical  experience.  Without  the  latter,  students 
will  be  unable  to  handle  Courses  5,  6  and  7.  At  the  discretion  of  the  instructor 
in  charge,  graduate  students  may  be  required  to  pursue  undergraduate  courses 
in  other  departments  without  credit. 

Note  2.  —  Practical  poultry  work  may  be  required,  but  no  credit  will  be 
given  for  such  work.  j; 

Note  3.  —  Courses  1  and  2  are  designed  particularly  for  minors. 
Rural  Sociology.  —  I.  Courses  leading  to  the  Degree  of  Doctor  of  Philos- 
ophy in  Rural  Sociology.  —  Candidates  for  the  degree  of  doctor  of  philosophy 
must  present  satisfactory  evidence  of  having  completed  at  least  twenty  hours' 
credit  in  general  sociology  and  general  and  agricultural  economics.  In  the 
event  that  they  are  unable  to  present  such  evidence,  they  will  be  required  to 
take  these  courses  without  credit  before  entering  upon  the  work  for  the  degree. 
Candidates  must  pass  an  examination  in  all  courses  offered  by  the  depart- 
ment, primarily  for  undergraduates,  and,  in  addition,  to  pursue  in  a  satisfac- 
tory manner  Courses  182,  183,  184,  185,  186  and  187.  These  courses  are 
arranged  for  graduate  study  of  an  intensive  character.  Candidates  for  the 
degree  must  select  one  of  the  divisions  of  the  subject,  as  indicated  below,  for 
intensive  study  and  research.  A  thesis  showing  the  results  of  personal  original 
investigation  in  the  selected  field  of  research  must  be  presented.  This  thesis 
must  show  familiarity  with  the  material  bearing  on  the  subject,  ability  in 
discovering  and  utilizing  original  sources,  judgment  in  evaluating  facts,  evi- 
dences and  authorities,  originality  and  independence  of  thought.  The  thesis 
must  be  a  very  definite  contribution  to  rural  sociological  thought.  It  must 
meet  the  requirements  of  the  department  and  of  the  graduate  staff.  The  can- 
didates will  be  required  to  defend  the  theses  at  public  examinations  held  by 
the  graduate  staff.  A  written  examination  covering  the  whole  subject,  con- 
ducted by  the  department,  and  a  public  oral  examination  by  the  graduate 
staff  will  be  required. 

II.  Courses  leading  to  the  Degree  of  Master  of  Science.  —  The  candidate 
must  present  satisfactory  evidence  of  having  completed  twenty-five  hours  in 
general  sociology  and  general  and  agricultural  economics.  If  he  is  not  able  to 
offer  satisfactory  credit,  such  courses  must  be  taken  as  the  department  may 
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require.  A  candidate  for  the  degree  of  master  of  science  must  pass  examina- 
tions in  all  courses  designed  primarily  for  undergraduates.  For  his  graduate 
work  he  must  select  one  or  more,  as  required  by  the  department,  of  the  divi- 
sions of  the  subjects  as  shown  below  for  intensive  study  and  research.  A 
written  and  oral  examination  is  required.  A  thesis  satisfactory  to  the  depart- 
ment and  to  the  graduate  staff  must  be  presented. 

III.  Minor  Work  in  Rural  Sociology.  —  Minor  work  in  riiral  sociology 
shall  consist  of  such  graduate  and  undergraduate  courses  as  the  department 
may  require,  subject  to  the  regulations  of  the  graduate  school.  A  written 
examination  covering  all  courses  taken  will  be  held  by  the  department.  Re- 
search topics  as  numbered  below  are  indicated  as  fields  of  study  for  higher 
degrees.  They  presuppose  such  undergraduate  courses,  or  their  equivalent, 
as  correspond  to  the  courses  of  similar  numbers  in  figures  with  the  100  omitted. 

Topics  foe  Study  and  Reseabch. 

182.  Social  conditions  of  American  rural  life:  — 

(a)  The  status  of  country  people  in  relation  to  health,  education,  morality,  general 

welfare,  etc. 
(6)   Origin  and  development  of  rural  ideals. 

(c)  Influence  of  modern  conditions  on  rural  life. 

(d)  Historical  development  of  the  community,  and  problems  and  methods  in  com- 

munity organization. 

183.  Rural  institutions:  — 

(a)  The  family  and  rural  life.  An  intensive  study  of  the  development  of  family  cus- 
toms and  ideals;  their  relation  to  religious,  educational  and  social  agencies. 
The  relation  of  the  standard  of  living  to  rural  social  progress.  The  social 
aspects  of  the  scope,  functions  and  influence  of  educational  institutions  in  re- 
lation to  rural  progress. 

(6)   The  growth,  development  and  problems  of  the  country  church. 

(c)   The  status  of  the  rural  school. 

184.  Rural  organization. 

(a)  The  scope  and  function  of  rural  organization  in  development  of  rural  life. 
(&)   Work  of  the  national  government  in  rural  organization. 

(c)  County  and  institutional  work  in  rural  organization. 

(d)  Leadership  in  its  relation  to  organization. 

185.  Rural  government  and  rural  law. 

(u)  Development  of  rural  local  government  in  New  England  and  the  west.  Progress 
in  efficient  local  self-government. 

(6)  Relation  of  the  State  to  the  farmer;  influence  of  the  farmer  in  legislation;  the  or- 
ganized ways  and  means  by  which  the  State  aids  the  farmer  directly. 

(c)  Work  of  the  national  government  in  its  relation  to  the  social  welfare  of  the  farm- 

ing people. 

(d)  Agrarian  legislation  in  the  United  States  and  Europe  affecting  rural  social  welfare. 

186.  Farmers'  organizations. 

(a)  Social  problems  underlying  farmers'   organizations  in  reference  to  service   and 

permanency. 
(6)   Principles  of  organization, 
(c)   History  of  farmers'  organizations  in  the  United  States. 

187.  Rural  sociological  surveys,   an    intensive  study  of    the  method   of    evaluating  social 

statistics. 

188.  Thesis. 

Veterinary  Science.  —  Work  is  available  in  anatomy,  hygiene,  veterinary 
pathologj^,  medicine,  surgery,  parasitology  and  other  special  lines  or  divisions 
of  the  subject. 

Zoology.  —  Courses  in  zoology  may  be  available  as  a  minor  for  the  degree 
of  master  of  science  and  as  a  minor  for  the  degree  of  doctor  of  philosophy.  The 
nature  of  the  work  will  necessarily  vary  according  to  circumstances,  and  may 
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be  intensive  in  a  special  field  and  correlated  closely  with  the  major  work  of  the 
student,  or  it  may  be  of  a  more  general  character,  depending  on  the  student's 
needs  or  previous  acquaintance  with  general  zoological  science.  The  comple- 
tion of  work  equivalent  to  at  least  25  undergraduate  credits  will  be  required 
for  a  minor  pursued  in  zoology  for  either  of  the  above-named  degrees. 

List  of  Students. 
A  list  of  the  degrees  conferred  in  the  Graduate  School,  and  of  the  students 
enrolled,  is  given  in  the  general  lists  at  the  end  of  the  volume. 


The  Short  Courses 


The  Shokt  Courses. 


The  short  courses  offered  by  the  Massachusetts  Agricultural  College  are 
designed  to  meet  the  needs  of  those,  both  young  and  old,  who  cannot  come  to 
the  college  for  the  regular  college  courses.  They  furnish  the  student  with  in- 
struction in  modern  accepted  methods,  and  are  planned  to  help  the  farmer  and 
the  housewife. 

The  short  courses  include :  — 

A.  The  Two-year  Course  in  Practical  Agriculture. 

B.  The  Ten  Weeks'  Winter  School. 

C.  The  Summer  School. 

D.  The  Vocational  Poultry  Course. 

E.  Unit  Courses  for  Ex-service  Men. 

Requirements  fob  Admission  to  Short  Courses.  —  Students  must  be  at 
least  seventeen  years  of  age,  and  must  furnish  satisfactory  evidence  of  good 
moral  character.  References  are  required.  There  are  no  entrance  examina- 
tions. The  sole  test  is  ability  to  do  the  prescribed  work.  Students  enrolling 
for  the  Two-year  Course  in  Practical  Agriculture  must  have  at  least  a  common 
school  education. 

Expenses  op  Short  Courses.  —  The  expense  of  attending  any  of  the  short 
courses  is  approximately  as  follows :  — 

Furnished  rooms  in  private  houses  (per  week) ,  .          .          .          .          .          .          .  $3  to  $5 

Board  at  college  dining  hall  (per  week),    ........  $7 

Board  with  private  famiUes  (per  week),     .           .          .          .          .          .          .          ,  $6.50  to  $9 

Registration  fee  (Ten  Weeks'  Winter  School) ........  S5 

Tuition  in  all  the  short  courses  is  free  to  residents  of  the  Commonwealth. 
Small  laboratory  fees  are  charged  in  some  of  the  courses. 

A.     TWO-YEAR  COURSE  IN  PRACTICAL  AGRICULTURE. 

The  Two-year  Course  in  Practical  Agriculture  is  offered  to  meet  the  needs 
of  students  who  for  one  reason  or  another  cannot  take  the  four-year  college 
course.  It  is  designed  to  provide  the  largest  amount  of  practical  information 
and  training  in  agriculture  and  horticulture,  general  farming,  etc. 

It  will  appeal,  not  only  to  young  men  and  women,  but  also  to  men  and 
women  of  mature  years  and  practical  experience  who  wish  to  know  more  about 
the  business  of  farming.  Although  the  course  is  planned  to  meet  the  needs  of 
those  who  are  not  graduates  of  high  schools,  the  instruction  is  not  preparatory 
or  elementary  in  its  nature,  but  is  so  planned  that  it  will  be  of  value  to  all. 
The  greater  amount  of  academic  training  that  some  of  the  students  may 
possess  will  in  a  measure  be  offset  by  the  fund  of  practical  knowledge  pos- 
sessed by  many  who  have  completed  only  the  elementary  schools. 
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The  course  is  not  intended  for  students  enrolled  in  high  schools.  Such 
students  should  finish  the  high  school  course.  Students  enrolled  in  high  schools 
who  wish  to  take  the  course  should  bring  a  statement  either  from  the  prin- 
cipal of  the  high  school  or  from  parent  or  guardian  asking  permission  to  be 
enrolled. 

The  Two-year  Course  in  Practical  Agriculture  is  arranged  so  as  to  provide 
specific  vocational  training  for  the  particular  lines  of  agricultural  work  which 
the  students  may  select.  When  a  student  enrolls  he  is  required  to  state  the 
type  of  farming  in  which  he  expects  to  engage;  and  to  select  from  the  follow- 
ing courses  of  study  the  one  he  wishes  to  pursue :  — 

1.  General  agriculture,  ■^'ith  animal  husbandry  as  the  principal  subject. 

2.  General  agriculture,  with  poultry  as  the  principal  subject. 

3.  Dairy  manufactures. 

4.  General  horticulture. 

5.  Pomology. 

6.  Floriculture. 

7.  Vegetable  gardening. 

He  then  pursues  a  specially  arranged  course  of  preparation  for  that  type 
of  work.  This  specialization  does  not  prevent  his  securing  a  general  working 
knowledge  of  other  subjects  in  which  he  may  be  interested. 

The  advantages  of  the  college  staff  of  specialists  and  the  college  plant  with 
all  its  resources  are  thus  made  available  to  young  men  and  young  women  who 
may  not  have  had  the  opportimity  of  securing  a  high  school  education. 

The  first  year  consists  of  six  months  of  study  at  the  college.  The  term 
begins  with  the  college  fall  term  and  closes  with  the  winter  term  of  the  regu- 
lar session.  The  same  vacation  periods  are  observed  as  in  the  regular  four- 
year  course. 

At  the  close  of  six  months  of  study,  students  are  required  to  gain  six  months 
of  farm  experience.  The  college  will  assist  students  in  finding  positions  and 
in  placing  them  on  farms  where  the  experience  gained  will  be  of  great  advantage. 
Thus  an  effort  will  be  made  to  place  on  a  dairy  farm  the  man  expecting  to 
take  up  dairying  as  his  chief  line  of  work,  and  a  student  of  pomology  on  a  fruit 
farm. 

During  the  second  year  the  student  spends  nine  months  in  resident  study, 
completing  the  subject  pursued  in  the  first  year. 

Each  student  is  required  to  file  with  the  treasurer  of  the  college  a  statement, 
signed  by  the  town  (or  city)  clerk  of  the  town  (or  city)  from  which  he  enrolls, 
stating  that  the  parent  or  guardian  of  the  student  is  a  resident  of  that  town. 

CERTincATE.  —  All  students  will  receive  a  certificate  showing  their  stand- 
ings in  courses  in  which  they  were  registered.  Credits  earned  in  the  Two- 
year  Course  in  Practical  Agriculture  or  in  any  other  of  the  short  courses  do 
not  lead  to  the  college  degree.  Students  who  possess  college  entrance  require- 
ments and  who  wish  to  take  the  regular  college  work  should  address  the  reg- 
istrar of  the  college. 

B.  THE  WINTER  SCHOOL. 

The  Winter  School,  beginning  usually  about  January  1  and  continuing  for 
ten  weeks,  was  started  several  years  ago,  and  has  always  been  very  popular, 
not  only  with  more  mature  farmers  and  their  wives,  but  with  young  men 
and  women  who  control  or  manage  farms.  The  courses,  though  short,  are 
very  practical  in  their  nature,  and  are  so  arranged  that  a  student  may  choose 


1922.]  PUBLIC  DOCUMENT  — No.  31.  173 

such  subjects  as  will  enable  him  to  specialize  along  the  line  of  work  in  which 
he  is  most  interested.  There  is  a  wide  range  in  the  choice  of  subjects,  making 
it  possible  for  the  student  to  take  work  for  several  winters  in  succession.  Many 
college  graduates  enroll  for  the  Winter  School. 

ScHOLAKSHiPS.  —  The  Jewish  Agricultural  and  Industrial  Aid  Society  of 
New  York  has  instituted  a  sj^stem  of  free  scholarships  to  enable  the  children 
of  Jewish  farmers  to  attend  the  short  winter  course  in  the  States  in  which  they 
reside.  The  stipend  is  sufficient  to  pay  all  the  expenses  of  the  holder  for  the 
course.  Such  expenses  usually  amount  to  from  $100  to  $150.  The  following 
courses  are  offered :  — 

Outline  of  the  Ten  "Weeks'  Winter  School,  January  2  to  March  10. 
Soil  Fertility.    Professor  Beaumont.    Tliree  lectures  a  week. 
Field  Crops.    Two  lectures  and  one  two-hour  laboratory  period  per  week. 
Types  and  Breeds  of  Livestock.    Three  lectures  and  two  two-hour  laboratory  periods  a  week. 
Livestock  Feeding.    Three  lectures  per  week. 

Animal  Breeding.    One  lecture  and  one  two-hour  laboratory  period  per  week. 
Dairying.    Professor  Lockwood  and  assistants.    Five  lectures  and  live  laboratory  periods  per 

week. 
Dairy  Bacteriology.    Professor  Marshall.    Two  lectures  and  one  two-hour  laboratory  period 

per  week. 
Animal  Diseases  and  Stable  Sanitation.    Assistant  Professor  Lentz.    Two  lectures  per  week. 
Poultry  Husbandry.    Five  lectures  and  one  two-hour  laboratory  period  per  week. 
Fruit  Growing.    Professor  Sears.    Three  lectures  and  one  two-hour  laboratory  period  per  week. 
Market  Gardening.     Mr.  Harris.     Three  lectures  and  two  two-hour  laboratory  periods  per 

week. 
Floriculture.    Professor  Thayer  and  Mr.  Muller.    Five  lectures  per  week. 
Horticultural  Manufactures.    Professor  Chenoweth.    Two  lectures  and  two  laboratory  periods 

per  week. 
Farm  Management.    Assistant  Professor  Abell.    Two  lectures  a  week. 
Farm  Accounts.    Assistant  Professor  Abell.    Two  two-hour  laboratory  periods  per  week. 
Marketing.    Professor  Cance  and  assistants.    Two  lectures  a  week. 
Agricultural  Credit.    Professor  Cance  and  assistants.    Two  lectures  a  week. 
Botany.    Assistant  Professor  McLaughlin.     Two  lectures  a  week. 
Entomologj'.     Assistant  Professor  Regan.    Three  lectures  per  week. 
Farm  Structures.    Assistant  Professor  Strahan.    Two  lectiu'es  and  one  two-hour  laboratory 

period  per  week. 
Farm  Machinery.    Professor  Gunness.    Two  lectures  and  three  two-hour  laboratory  periods 

a  week. 
Rural  Sanitary  Science  and  Hygiene.    Professor  Marshall.    Two  lectures  per  week. 
Vocational  Guidance.    Miss  Hamlin.    One  lecture  per  week. 

Foods.    Miss  Skinner.    One  lecture  and  two  two-hour  laboratory  periods  per  week. 
The  Business  of  the  Household.    Miss  Skinner.    Three  class  hours  per  week. 
Home  Care  of  the  Sick.    Miss  Skinner.    Three  class  hoiu's  per  week. 
Principles  and  Methods  of  Vocational  Agricultural  Teaching.    Professor  Hart.    Five  exercises 

per  week. 
Special  Methods  in  Vocational  Agricultural  Teaching.   Professor  Welles.    Five  exercises  per 

week. 
Professional  Improvement  Problems.    Mr.  Heald.    Five  periods  per  week. 

C.    THE  SUMMER  SCHOOL. 

In  1919  a  plan  of  co-operation  between  the  Massachusetts  Agricultural 
CoUege  and  the  Division  of  Elementary  and  Normal  Schools  of  the  State  De- 
partment of  Education  was  begun.  Twenty-five  com-ses  were  offered  in  agri- 
culture and  horticulture,  and  nineteen  courses  in  education. 

The  plan  was  so  satisfactory  that  it  was  continued  in  the  summers  of  1920 
and  1921.  More  courses  in  agriculture,  horticulture  and  education  were,  of- 
fered.   Three  hundred  students  were  enrolled. 
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The  following  subjects  were  offered:  — 


Agriculture:  — 
Soil  fertiKty. 
Manures  and  fertilizers. 
Types  and  breeds. 
Feeding  and  management. 
Dairying. 
Poultry. 

Farm  management. 
Farm  accounts. 

Farm  machinery  and  gas  engines. 
Repair  of  farm  equipment. 


Horticulture:  — 

Garden  flowers. 

Indoor  flower  growing. 

Food  preservation  I. 

Food  preservation  II  (two  weeks). 

Fruit  growing. 

Vegetable  gardening. 


Home  life  and  practical  arts:  — 
Foods. 

Elementary  dietetics. 
Clothing  I. 

Clothing  II  (advanced) . 
Business  of  the  household. 


Education:  — 

Primary  language. 

Primary  reading. 

Arithmetic  I  (primary). 

Arithmetic  II  (intermediate) . 

Method  of  teaching  history  in  grammar 

grades. 
Training  in  the  duties  of  citizenship. 
Methods  in  elementary  schools. 
Methods  in  EngUsh  for  the  intermediate 

and  grammar  grades. 
Design  and  practical  arts. 
Oral  Enghsh  and  parliamentary  practice. 
Organized  play  and  recreation. 

Related  subjects:  — 
Insect  life. 

Hygiene  and  sanitation. 
Marketing  agricultural  products. 
Plant  diseases. 
Rural  sociology. 
Agricultural  opportunities  for  women. 

Vocational  agricultural  teaching:  — 

Principles  and  methods  of  teaching. 
Special  methods   in   vocational   agricul- 
tural teaching. 
Professional  improvement  problems. 


The  Two-year  Course  was  continued  for  a  nine  weeks'  term  during  the 
summer,  from  June  27  to  August  27,  to  accommodate  ex-service  men  in  train- 
ing under  the  Division  of  Rehabilitation  of  the  Federal  Board  for  Vocational 
Education. 


D.    ONE-YEAR  VOCATIONAL  COURSE  IN  POULTRY  HUSBANDRY. 

PuEPOSE.  —  This  course  is  designed  for  graduates  of  the  agricultural  voca- 
tional schools  and  others  who  wish  to  prepare  themselves  for  practical  poultry 
keeping,  and  can  spend  only  one  year  at  college. 

Scope.  —  The  work  covers  seven  detailed  courses  in  poultry  husbandry, 
as  well  as  short-course  work  in  fruit  growing,  market  gardening,  animal  hus- 
bandry, or  other  subjects  that  will  be  helpful  to  poultry  raisers.  In  addition 
to  classroom  and  laboratory  exercises  each  student  is  required  to  put  in  from 
twenty-five  to  thirty  hours  per  week  at  the  plant  in  the  care  and  management 
of  poultry,  for  the  purpose  of  becoming  proficient  in  the  various  branches  of 
the  work. 

Entrance  Requirements.  —  Applicants  must  be  at  least  eighteen  years 
of  age  and  have  a  good  elementary  education. 

Fees.  —  There  is  no  tuition  for  residents  of  Massachusetts,  but  a  labora- 
tory fee  of  $5  is  required  for  both  the  fall  and  spring  terms. 

Note.  —  The  course  is  limited  to  sixteen  students.  The  One-year  Poultry 
Course  begins  in  December  and  continues  until  the  following  December. 

Due  to  a  strong  demand  for  the  course,  it  was  necessary  to  start  a  second 
class  in  vocational  poultry  at  the  beginning  of  the  winter  term.  Thirty  stu- 
dents were  enrolled  in  both  classes  of  vocational  poultry. 
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E.    UNIT  COURSES  FOE,  EX-SERVICE  MEN. 

The  agricultural  Unit  Courses  were  organized  to  provide  instruction  for 
men  disabled  in  the  military  or  naval  service  of  the  United  States,  who  were 
unable  on  account  of  limited  education  to  enter  the  Two-year  Course. 

A  student  enters  the  agricultural  Unit  Courses  if  his  previous  education  is 
not  sufficient  to  permit  of  his  taking  up  the  work  of  the  Two-year  Course. 
The  Unit  Courses  begin  every  month  in  the  year  except  September.  Each 
man  may  select,  in  addition  to  the  English  and  mathematics  that  are  required, 
two  or  three  lines  of  work  to  which  he  will  expect  to  devote  most  of  his  time. 

In  connection  with  the  Unit  Courses  there  is  much  actual  practice  on  the 
farms,  orchards,  gardens,  in  the  dairies,  barns,  shops  and  greenhouses,  and 
with  poultry,  live  stock  and  farm  machinery.  These  courses  are  limited  to 
students  sent  by  the  Federal  Board  for  Vocational  Education. 

The  following  subjects  are  offered:  — 


Agronomy. 

Animal  husbandry. 

Dairying. 

General  horticulture. 

English. 

Arithmetic. 


Fruit  growing. 

Veget.able  gardening. 

Poultry. 

Farm  mechanics. 

Floriculture. 

General  horticulture. 


COUNTRY   MINISTERS'   COURSE. 

A  school  for  country  ministers  was  conducted  from  May  2  to  13,  1921,  with 
a  series  of  lectures  on  the  following  subjects:  — 


Rural  organization. 
Agricultural  economics. 
Community  recreation. 
Gas  engines. 
Vegetable  gardening. 
Food  preservation. 


Soil  fertihty. 
Animal  husbandry. 
Poultry. 
Fruit  growing. 
Farm  management. 
Floriculture. 


The  purpose  of  this  school  was  to  acquaint  the  ministers  in  rural  communi- 
ties with  some  of  the  problems  of  agriculture.  This  school  was  followed  by  a 
conference  of  two  days  on  the  enlistment  and  training  of  rural  religious  workers. 
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The  Extension  Seryice. 


The  Extension  Service  is  the  organized  effort  of  the  whole  Massachusetts 
Agricultural  College  in  educational  service  to  the  citizens  of  the  Common- 
wealth who  cannot  enter  as  resident  students.  Its  task  is  to  make  available 
all  the  useful  and  practical  information  discovered  by  the  efforts  of  the  Experi- 
ment Station,  reinforced  by  the  United  States  Department  of  Agriculture  and 
the  experiment  stations  of  other  States.  The  Smith  Lever  Act  defines  exten- 
sion work  as  "the  giving  of  instruction  and  practical  demonstrations  in  agri- 
culture and  home  economics  to  persons  not  attending  or  resident  in  colleges 
—  and  imparting  to  such  persons  information  on  said  subjects  through  field 
demonstrations,  publications  and  otherwise." 

The  Extension  Service  is  a  recognized  part  of  the  college  organization,  with 
a  staff  giving  full  time  to  extension  work;  yet  the  actual  working  force  is 
much  larger  because  many  of  the  resident  faculty  and  research  staff  give 
time  to  extension  work,  the  specialists  of  the  United  States  Department  of 
Agriculture  are  frequently  in  the  State  on  special  problems,  and  the  staffs  of 
the  County  Extension  Services,  who  co-operate  as  local  representatives  in 
the  extension  organization,  are  in  direct  and  constant  touch  with  the  problems 
and  the  people  of  the  State. 

It  is  impossible  to  discuss  the  Extension  Service  without  including  these 
co-operating  agencies,  —  the  United  States  Department  of  Agriculture  and 
County  Extension  Services.  While  the  extension  staff  at  the  college  receives 
its  major  support  from  the  State  Legislature,  Federal  funds  are  received  through 
the  Department  of  Agriculture,  and  are  used,  according  to  act  of  Congress, 
in  the  support  of  work  both  at  the  college  and  in  the  counties.  In  addition  to 
these  funds  the  County  Extension  Services,  which  are  supervised  by  the 
Trustees  for  County  Aid  to  Agriculture,  receive  from  county  and  town  appro- 
priations still  larger  amounts,  all  of  which  must  be  applied  to  extension  work. 

Personnel. 
College  Extension  Staff.  —  Extension  work  at  the  college  is  organized 
with  a  director  in  charge,  and  under  him  three  State  leaders  who  are  joint 
employees  of  the  State  and  Federal  government.  The  State  leaders  are  in 
charge  of  county  agent  work,  home  demonstration  work  and  junior  extension 
work,  respectively.  Extension  specialists  are  employed  in  the  following  sub- 
ject-matter fields:  agronomy,  animal  husbandry,  poultry  husbandry,  pomol- 
ogy, horticultural  manufactures,  marketing,  farm  management,  clothing  effi- 
ciency and  nutrition.  In  addition,  the  Extension  Service  employs  an  assistant 
director  who  is  a  specialist  in  methods  of  extension  instruction  and  in  office 
and  field  organization;  a  supervising  specialist  in  charge  of  extension  schools, 
agricultural  exhibits  and  extension  courses  at  the  college;  and  an  extension 
editor  who  is  also  supervisor  of  correspondence  courses.    The  State  leader  of 


180  AGRICULTURAL  COLLEGE.  [Jan. 

junior  extension  work  also  has  three  assistants,  each  in  charge  of  specialized 
subject-matter  branches. 

County  Extension  Staffs.  —  In  each  county  in  the  State,  with  the  excep- 
tion of  Suffolk,  Dukes  and  Nantucket,  a  staff  of  extension  agents  is  maintained. 
In  eight  of  the  counties  these  agents  are  employed  by  a  Board  of  Trustees  for 
County  Aid  to  Agriculture,  and  in  three  counties  by  the  Trustees  for  the 
County  Agricultural  School  of  the  County.  In  each  of  these  eleven  counties 
are  a  county  agricultural  agent,  a  county  home  demonstration  agent  and  a 
county  club  agent.  These  are  joint  employees  of  the  county,  the  college  and 
the  United  States  Department  of  Agriculture.  Their  major  responsibility  is 
to  their  county  trustees,  yet  on  the  basis  of  co-operative  projects  they  are  a 
very  important  part  of  the  total  extension  staff  of  the  State.  In  addition  to 
these  three  agents  co-operatively  employed  in  each  county,  there  are  in  many 
of  the  counties  assistant  agents. 

Because  of  the  co-operative  relation  with  the  Federal  government,  it  is 
possible  to  secure  much  assistance  from  the  Department  of  Agriculture  in 
Washington.  Subject-matter  specialists  are  employed  by  the  States  Relation 
Service  in  the  major  branches  of  agriculture  and  home-making.  In  addition, 
the  research  facilities  of  the  Department  of  Agriculture,  the  Division  of  Pub- 
lications, the  Bureau  of  Markets,  and  many  other  sub-offices  within  the  De- 
partment are  constantly  furnishing  help  in  solving  problems  in  the  State,  and 
frequently  Federal  staff  members  assist  the  staff  members  of  either  college  or 
county  with  particular  problems. 

Co-operation  of  Agents.  —  In  the  extension  program  as  now  being  car- 
ried out  the  Department  of  Agriculture  furnishes  a  certain  amount  of  finance 
and  a  great  deal  of  supporting  information  resulting  from  the  research  work 
of  the  experiment  stations,  this  being  by  conference  with  the  extension  special- 
ists of  the  State  and  county,  and  not  as  a  direct  service  to  the  people  of  the 
Commonwealth.  It  is  the  function  of  the  extension  specialist  at  the  college 
to  be  what  the  name  implies,  —  to  be  constantly  up  to  the  minute  in  the 
subject-matter  of  his  specialty,  organizing  information  and  preparing  it  in 
proper  form  for  the  use  of  the  county  agricultural  agents ;  to  head  up  the  devel- 
opment program  in  his  subject-matter  in  the  entire  State,  and  thus  furnish  a 
correlation  between  the  Department  of  Agriculture  and  its  research  work, 
the  forces  of  the  teaching  and  experimental  faculty  at  the  college,  and  the 
county  agents  who  are  in  immediate  contact  with  the  people  of  the  State. 
It  is  obvious  that  no  county  agent  can  be  a  specialist  in  all  branches,  and  that 
all  the  county  agents  will  need  the  specialist's  support  in  many  branches. 
The  specialist  has  now  become  much  less  a  direct  teacher  of  farmers  and  home- 
makers,  and  much  more  a  consultant  and  adviser  with  the  county  agents  on 
the  problems  which  are  too  deep  or  too  intricate  for  solution  by  them.  The 
county  agents  in  agriculture,  home  economics  and  junior  club  work  are  at 
present  making  the  real  contacts  with  the  people  of  the  State;  they  study 
the  problems  at  first  hand,  and  organize  the  demonstrational  programs.  It 
should  be  noted  that  they  are  part  of  a  national  staff,  over  2,000  counties  in 
the  United  States  employing  county  agricultural  agents,  all  of  whom  are  re- 
lated in  a  single  movement  to  the  United  States  Department  of  Agriculture, 
800  home  demonstration  agents  and  300  junior  club  agents.  Thus  it  will  be 
seen  that  the  extension  staff  from  the  Department  of  Agriculture  in  Washing- 
ton, and  including  the  remotest  experiment  station  on  the  Pacific  coast,  is 
organized  to  avoid  duplication  of  function.  The  tasks  of  each  group  are  quite 
distinct. 
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Projects  and  Programs.  —  Because  it  is  impossible  for  a  staff  of  limited 
number  to  meet  personally  all  the  farmers  and  home-makers  of  the  State 
relative  to  problems,  it  has  been  necessary  to  devise  a  system  of  education 
which  would  make  available  in  the  most  positive  form  to  the  greatest  number 
of  people  such  information  as  it  seems  desirable  to  impart.  The  demonstra- 
tional  methods  are  the  ones  finally  accepted  as  most  effective.  Demonstra- 
tions of  the  best  practices  in  agriculture  and  home-making  are  maintained  by 
the  co-operation  of  farmers  and  home-makers  throughout  the  Commonwealth, 
from  the  tip  of  Cape  Cod  to  the  westernmost  Berkshires.  The  co-operators 
undertake  to  do  certain  operations  or  conduct  certain  enterprises  according 
to  the  approved  method  and  in  co-operation  with  the  agents.  The  results 
of  their  efforts  are  used  as  a  basis  of  teaching.  Where  the  method  is  one  with 
visible  results,  as  in  the  comparison  of  seed  potatoes  or  in  spray  control  of 
orchard  pests,  the  attention  of  farmers  and  home-makers  in  the  vicinity  of 
the  demonstration  is  directed  to  it,  and  frequent  conferences  and  rneetings 
are  held  in  order  that  the  approved  method  may  be  understood.  The  time 
of  the  county  agent  is  therefore  primarily  spent  with  the  co-operating  farmers 
and  home-makers,  who  are  known  as  demonstrators.  A  great  amount  of  per- 
sonal service  is  also  undertaken  in  the  form  of  conferences,  consultations, 
advice  and  correspondence,  etc.  This,  however,  must  give  place  to  the  sys- 
tematic demonstrational  work  which  endeavors  to  stress  the  most  important 
subjects  in  the  various  branches  of  agriculture  and  home-making.  In  this 
demonstrational  program  the  specialists  work  out  the  basis  of  the  demon- 
strations, provide  the  informational  material,  and  supervise  the  method  of 
carrying  out  in  regard  to  data  and  analysis  of  results,  and  the  county  agents 
arrange  with  the  demonstrators  and  give  personal  attention  to  the  demon- 
strations themselves. 

Projects  and  Plans  op  Work. 

In  order  that  this  work  may  be  definite  it  is  organized  on  a  project  basis. 
The  agronomy  project,  for  instance,  defines  the  needed  practices  or  changes 
in  practices  with  regard  to  soil  fertility  and  crops.  The  most  fundamental 
things  are  selected  as  a  basis  of  intensive  work,  and  each  year  a  program  of 
-work  is  written  jointly  by  the  specialists  and  county  agents  defining  the  par- 
ticular steps  in  the  long-term  program  which  are  to  be  carried  forward  during 
the  year.  The  communities  of  the  State  decide  which  of  the  various  projects, 
and  which  phases  of  these  projects,  are  most  important  in  their  communities, 
and  arrange  co-operation  with  the  county  agents  and  specialists. 

It  will  be  noted  from  the  foregoing  that  the  work  is  organized  in  three  major 
lines,  —  agriculture,  home-making  and  junior  extension.  The  first  two  are  divi- 
sions in  subject-matter;  the  third  utilizes  the  same  subject-matter  as  the 
projects  in  agriculture  and  home  economics,  but  adapts  it  to  the  needs  of 
young  people.  It  is  built  on  the  principle  that  boys  and  girls  and  young  men 
and  women  can  receive  and  give  great  benefits  if  they  will  elect  productive 
tasks  and  follow  them  systematically.  The  junior  clubs,  so  called,  are  built 
on  the  basis  that  there  are  many  productive  and  interesting  and  worth-while 
tasks  in  agriculture  and  home  economics.  It  is  the  task  of  the  junior  exten- 
sion agent  to  adapt  adult  material  to  the  needs  of  this  younger  clientele. 


182  AGRICULTURAL  COLLEGE.  [Jan. 


Types  of  Work. 

Demonstrations.  —  Demonstration  work  is  of  primary  importance  in  the 
extension  program.  Demonstrations  may  be  of  various  types:  demonstrations 
of  practice,  as  illustrated  by  a  system  of  crop  rotations;  a  demonstration  of 
operation,  as  in  grafting,  spraying,  poultry  killing  and  culling,  etc.;  and  com- 
parative demonstrations,  as  between  native  and  northern-grown  seed  pota- 
toes, top-dressed  and  neglected  hay  land. 

Extension  Schools.  —  Through  the  winter  months  the  Extension  Serv- 
ice arranges  schools  of  one  to  five  days'  duration,  which  are  held  in  various 
communities.  At  all  of  these  schools  intensive  attention  is  given  to  certain 
selected  subject-matter.  The  tendency  of  the  past  two  seasons  has  been  toward 
the  one  or  two  subject  school  rather  than  the  general  extension  school  of  the 
past.  The  teaching  is  usually  divided  between  the  county  staff,  specialists 
from  the  college  and  co-operating  demonstrators  who  have  got  notable  re- 
sults in  agriculture  and  home-making. 

Fair  Exhibits.  —  The  college  has  undertaken  many  types  of  enterprise 
in  the  field  of  fair  exhibits.  At  present,  lack  of  funds  will  prevent  any  great 
effort  in  the  way  of  transporting  material  exhibits.  Much  is  being  done  by 
the  County  Extension  Services,  supported  by  the  assistance  of  the  college 
specialists,  in  the  way  of  demonstrational  exhibits  at  fairs.  This  type  of 
exhibit  seems  to  promise  large  development.  It  is  hoped,  also,  that  physical 
arrangement  may  be  made  whereby  the  college  live  stock  can  be  exhibited 
more  freely.  At  present  this  is  impossible,  owing  to  the  fact  that  funds  are 
not  available,  and  premiums  earned  or  won  by  the  live  stock  must  revert  to 
the  State  treasury,  and  are  therefore  unavailable  for  defraying  the  expenses  of 
such  exhibits. 

Conferences  at  the  College.  —  All  conferences  at  Amherst  of  two  weeks' 
duration  or  less  are  considered  extension  activities.  The  largest  of  these  is 
the  summer  Farmers'  Week  coming  during  the  last  week  in  July,  and  built 
upon  the  principles  of  demonstration  meetings  at  various  advantageous  places 
on  the  farm,  utilizing  the  physical  equipment  of  the  orchards,  the  fields  and 
the  barns  as  a  conferential  basis.  In  addition  to  this,  meetings  of  many 
organizations  are  held  at  the  college,  as  in  the  case  of  the  sheep  breeders,  the 
fruit  growers,  the  onion  growers,  the  poultry  growers,  etc.  Many  of  these 
are  held  in  connection  with  the  summer  Farmers '  Week,  but  it  is  advantageous 
to  hold  others  during  the  winter  time  according  to  the  needs  of  a  particular 
group.  It  is  also  the  policy  of  the  Extension  Service  to  bring  to  the  college, 
not  only  the  county  staff  for  annual  and  other  conferences,  but  to  bring  in 
the  men  and  women  of  the  State  who  are  co-operating  and  leading,  in  order 
that  they  may  have  special  training  in  the  subject-matter  of  their  efforts. 

Correspondence  Courses.  —  The  Extension  Service  maintains  a  corre- 
spondence course  division,  and  offers  correspondence  courses  at  a  fee  of  $2  in 
the  following  subjects:  soils,  manures  and  fertilizers,  field  crops,  feeding  farm 
animals,  fruit  growing,  —  which  is  divided  into  three  parts,  comprising  apple 
growing,  peach  and  plum  culture,  and  small  fruits,  —  vegetable  gardening, 
floriculture,  farm  accounts,  farm  management,  entomology,  plant  pathology, 
forestry,  shade  tree  management,  poultry  husbandry,  —  which  is  divided 
into  three  parts,  poultry  house  construction,  management  of  the  flock,  and 
incubation,  —  and  home  economics. 

Publications.  —  The  work  of  the  Extension  Service  is  supported  by  exten- 
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sion  publications  which  are  prepared  with  the  intent  to  meet  the  needs  of  the 
people  of  the  State  for  concise  practical  information.  It  is  not  the  function 
of  the  Extension  Service  to  provide  voluminous  textbooks  free,  but  rather, 
manuals  of  practice  and  of  information  which  will  give  in  the  most  concise 
and  usable  form  the  instructions  necessary  to  the  practices  of  agriculture 
and  home-making.  The  entire  literature  of  the  Extension  Service  is  being 
revised  to  this  basis,  the  Extension  Leaflets  being  small  units  reduced  to  the 
simplest  terms  and  the  smallest  compass,  telling  a  complete  story.  The  series 
of  leaflets  in  a  subject-matter  division  make  a  larger  bulletin,  and  the  collec- 
tion of  all  the  leaflets  will  ultimately  make  a  manual  of  practice  for  the 
average  farmer  or  home-maker  of  the  State.  About  1,200,000  pages  were 
printed  last  year.  All  the  publications  of  the  Extension  Service  are  free.  In 
addition  to  this  it  is  the  practice  of  the  Extension  Service  to  keep  a  large  stock 
of  publications  of  other  colleges,  experiment  stations,  and  of  the  United  States 
Department  of  Agriculture.  These  also  are  distributed  free.  Stocks  of  these 
publications  are  kept  in  the  offices  of  the  county  agents,  and  can  be  obtained 
by  application  to  them.  Outside  of  these  publications  the  Extension  Service 
publishes  monthly  two  small  periodicals.  "The  Monthly  Report  of  Exten- 
sion Work  for  Market  Gardeners"  is  a  small  pamphlet  similar  to  the  Exten- 
sion Leaflets,  and  the  "  Extension  Service  News  "  is  in  the  form  of  a  small 
newspaper.     These  also  may  be  had  for  the  asking. 

Lectures.  —  During  the  course  of  the  year  a  great  deal  of  lecture  work  is 
done  by  the  county  agents  and  the  specialists  of  the  college.  This  service 
seems  to  be  of  diminishing  value  except  in  cases  where  it  leads  to  permanent 
demonstration  work.  It  is  the  aim  of  the  college  to  meet  all  calls  for  lectures 
just  as  far  as  the  time  of  the  staff  will  allow,  first  of  all  giving  preference  to 
the  demonstrational  type  of  work.  Very  few  calls  for  lectures  have  been  left 
unmet  during  the  past  year. 

Personal  Advice.  —  The  staffs  in  the  counties  and  in  the  college  do  much 
in  the  way  of  answering  individual  queries,  either  personal  or  written.  This 
work  establishes  many  valuable  contacts,  and  the  college  undertakes  to  per- 
form just  as  much  of  it  as  is  possible.  However,  much  of  this  inquiry  is  di- 
verted to  the  offices  of  the  county  extension  services,  the  college  handling 
only  such  phases  of  the  work  as  cannot  be  handled  in  the  counties. 

Library  Extension  Work.  —  The  college  library  has  collections  of  books 
on  specified  subject-matter  fields,  and  furnishes  these  free  of  charge  to  the 
libraries  of  the  State  as  loan  collections.  An  increasing  amount  of  this  work 
is  being  done. 

Diagnosis  and  Prescription.  —  Calls  are  constantly  coming  to  the  col- 
lege for  information  which  is  really  diagnosis.  Bushels  of  malodorous  hens^ 
bugs  of  all  description,  diseased  leaves,  and  fruit  are  constantly  being  received. 
Just  as  far  as  the  college  is  able,  the  trouble  is  identified  and  remedial  meas- 
ures suggested.  Here,  again,  the  burden  is  greater  than  the  college  is  able 
to  bear  at  the  present  time  with  limited  staff,  and  it  is  further  the  conviction 
that  service  which  can  be  rendered  by  a  professional  veterinarian  should  be 
rendered  by  him.  Every  effort  will  be  made  to  take  care  of  such  requests 
for  such  service  as  cannot  be  met  by  a  professional  veterinarian,  although 
no  guarantees  can  be  given  that  adequate  help  will  be  available  for  this 
work. 

Assistance  to  State  Institutions.  —  Managers  of  State  institution 
farms  are  constantly  asking  information  of  one  sort  or  another  from  the  col- 
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lege,  and  the  specialists  are  co-operating  in  many  problems  of  agriculture  and 
landscape  gardening. 

Liaison  Activities.  —  No  small  part  of  the  work  of  the  Extension  Service, 
particularly  the  county  staffs,  is  in  bringing  other  agencies  to  the  assistance 
of  the  people  of  the  State.  Those  desiring  systematic  study  are  brought  in 
touch  with  the  vocational  schools  or  practical  arts  classes  in  case  they  are 
unable  to  come  to  the  college.  Communities  desiring  assistance  in  health 
problems  are  brought  in  contact  with  some  of  the  health  agencies  in  the 
Commonwealth  and  voluntary  health  societies,  such  as  the  Red  Cross,  the 
county  public  health  associations,  etc.  It  is  not  the  function  of  the  Extension 
Service  in  any  sense  to  replace  these  agencies  or  to  compete  with  them; 
rather,  to  divert  to  them  such  calls  for  help  as  they  are  able  to  meet. 

Reai.  Extension.  —  The  real  extension  work  is  done,  not  only  by  the  staff, 
but  by  the  best  farmers  and  best  home-makers  of  the  State  who  demonstrate 
the  best  practices.  The  Extension  Service  cannot  be  considered  without  con- 
sidering these  co-operating  demonstrators.  Those  who  receive  instruction  in 
household  management,  clothing  efficiency,  nutrition,  agronomy,  pomology, 
poultry  husbandry,  etc.,  are  the  real  instructors  in  their  neighborhoods.  It 
is  the  task  of  the  Extension  Service  to  teach  the  best  farmers  and  home-makers 
to  perfect  their  teaching  technique,  and  to  depend  upon  them  for  the  general 
spread  of  the  practice  throughout  the  State. 

Requests  for  information  in  any  of  these  fields  may  be  addressed  to  the 
Extension  Service,  Massachusetts  Agricultural  College,  Amherst,  Mass. 
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A.    FINANCIAL  AND  ADMINISTRATIVE. 
Student  Expenses. 

Tuition.^  —  Tuition  is  free  to  residents  of  Massachusetts.  Students  who 
are  not  residents  of  Massachusetts  are  charged  a  tuition  fee  of  $60  a  year. 
The  tuition  charged  persons  not  citizens  of  the  United  States  is  $120  a  year. 
Students  entering  from  Massachusetts  are  required  to  file  with  the  president 
a  statement  signed  by  either  town  or  city  clerk  stating  that  the  applicant's 
father  is  a  legal  resident  of  Massachusetts;  a  similar  statement  is  required  of 
those  entering  from  other  States. 

All  students  entering  the  college  for  the  first  time  as  undergraduates  or  two- 
year  students  are  charged  a  matriculation  fee  of  $5,  which  in  event  of  a 
student  leaving  the  institution  shall,  if  aU  bills  due  the  college  are  paid,  be 
remitted,  or  which  shall  upon  graduation  be  considered  as  payment  for  the 
diploma. 

Dormitories  and  Board.  —  The  coUege  has  dormitory  accommodations 
for  about  62  men  students.  The  rooms  in  the  dormitories  are  occupied  by 
the  upper  classmen,  hence  new  students  find  it  necessary  to  room  in  private 
houses.  The  rooms  in  the  coUege  dormitories  are  unfurnished;  for  the  most 
part  they  are  arranged  in  suites  of  three,  —  one  study  room  and  two  bedrooms. 
These  rooms  are  heated  by  steam  and  lighted  by  electricity;  they  are  cared 
for  by  students  occupying  them.  The  dormitory  rent  for  each  person  varies 
from  $39  to  $66  a  year.  The  rent  for  furnished  rooms  in  private  houses  ranges 
from  $1  to  $4  a  week  for  each  occupant.  Correspondence  in  regard  to  rooms 
should  be  addressed  to  the  dean  of  the  college. 

Board  may  be  obtained  at  the  college  dining  hall.  At  present,  the  price  of 
board  there  is  $7  a  week. 

Expenses. 

The  necessary  college  expenses  are  estimated  as  follows :  — 

Tuition:   citizens  of  Massa,chusetts,  free;   other  citizens  of  the  United 
States,  $60  a  year;  foreigners,  $120  a  year. 

^  Low.  High. 

Matriculation  fee,  first  year,       .          .          .          .          .          .          .          .  S5  GO  $5  00 

Room  in  college  dormitories  or  in  private  houses,          .          .          .          .  39  00  110  00 

Board,  $7  per  week 252  00  252  00 

Laundry,  50  to  85  cents  a  week, 18  00  30  00 

Laboratory  fees 5  00  25  00 

Books,  stationery  and  miscellaneous  items,           .          .          .          .          .  31  00  53  00 

$350  00         $475  00 

*  This  statement  applies  to  those  registering  as  regular  or  two-year  students. 
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Other  Expenses.  —  Prospective  students  should  understand  that  the 
above  estimates  cover  expenses  which  may  be  called  strictly  college  expenses, 
and  that  there  are  other  financial  obligations  voluntarily  placed  upon  students 
v/hich  they  should  expect  to  meet.  Chief  among  these  are  class  assessments 
and  taxes  levied  for  maintenance  of  various  organizations,  such  as  the  Social 
Union,  Athletic  Association,  weekly  publications,  etc.  Such  expenses  vary 
from  S15  to  $30  a  year.  Additional  financial  responsibility  is  also  assumed 
by  students  joining  a  fraternity  or  entering  into  other  social  activities  of  the 
college.  Students  rooming  in  college  dormitories  are  obliged  to  equip  their 
own  rooms  with  furniture.  The  college  assumes  no  responsibility  in  regard 
to  the  safe  keeping  of  student  property  either  during  the  college  term  or 
vacations,  except  under  such  special  arrangement  as  may  be  made  with  the 
treasurer.  Besides  the  amount  necessary  for  clothes  and  traveling,  the  eco- 
nomical student  will  probably  spend  between  S400  and  $500  per  year. 


Initial  Charges. 
At  the  opening  of  the  college  year,  before  students  are  registered  in  their 
classes,  the  following  charges  are  payable  at  the  treasurer's  office:  — 


Freshmen. 


Sophomores. 


Juniors  and 
Seniors. 


Matriculation  fee, 

Board  (if  at  college  dining  hall)  four  weeks  in  advance 
Assessment  for  support  of  Social  Union, 

Laboratory  fees 

Room  rent  (if  in  college  dormitory),    . 

Student  tax  for  support  of  athletics,' 

Student  tax  for  support  of  nonathletic  activities. 


S5  00 
28  00 

1  50 
5  00 

i  00 

2  50 


$28  00 

1  50 
5  00 

4  00 

2  50 


$28  00 

1  50 

2  00-10  00 

12  00-20  00 

i  00 

2  50 


1  While  this  is  not  essentially  a  college  charge,  the  treasurer  of  the  college  acts  as  collector  for 
the  student  activity,  and  all  students  are  expected  to  make  the  payment  as  indicated.  The 
subscription  price  of  the  "Collegian"  is  fixed  by  the  managers;  the  amount  of  athletic  tax  by 
vote  of  the  student  body. 

Laboratory  Fees. 
The  principles  observed  in  establishing  laboratory  fees  are  the  require- 
ment that  students  pay  for  those  materials  actually  used  which  cannot  be 
supplied  by  the  individual,  and  that  the  laboratory  fees  include  a  charge 
sufficient  to  guard  against  wanton  waste  and  breakage.  Fees  may  be  estab- 
lished for  any  course  without  previous  announcement.  At  present,  the  fees 
charged  are  as  follows :  — 


Agronomy:  —  Per  Term. 

Course  1,  1, $1  50 

Course  27,  3 2  00 

Course  60,  1, .          .          .          .          .  2  50 

Course  51,  3, 2  50 

Course  75,  1,  ........          .         .          .          .  2  00 

Course  77, 2, 2  50 

Course  78,  3,  .          .         .  ■ 2  50 
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Animal  husbandry:  —  Per  Term. 

Course  1, »1  00 

Course  25,  1, 1  50 

Course  26,  2 1  50 

Course  75,  1,           . 1  50 

Course  78,  2 1  00 

Dairying:  — 

Course  50,  1, 2  60 

Course  51,  3 2  60 

Course  75, 2 .          .          .  2  00 

Course  76,  3 3  00 

Course  77,  1 2  50 

Farm  management:  — 

Course  75,  1, 1  50 

Course  76,  1, 1  50 

Poultry  husbandry:  — 

Course  51,  1, :          ...  2  50 

Course  53,  3,           .          .          .          . 3  00 

Course  55,  3 2  50 

Course  76,  1 2  00 

Course  77.  1 .  2  00 

Rural  engineering:  — 

Course  25,  1 1  50 

Course  26,  2 1  60 

Course  75,  1 1  60 

Course  78,  3 1  50 

Floriculture:  — 

Course  50,  1 2  50 

Course  51,  2,            .          .' 2  50 

Course  52,  3, 2  50 

Course  53,  1 2  50 

Course  75,  1 2  00 

Course  76,  2 2  00 

Course  77,  2, .          .  2  50 

Course  78,  3 2  50 

Forestry:  — 

Course  50,  1, 2  00' 

Course  51,  2, '    3  00 

Course  75,  1 4  00 

Landscape  gardening:  — 

Course  50,  1 2  50 

Course  51,  2, 2  50 

Course  52,  3, 2  60 

Course  76,  2, 3  00 

Course  77,  3 3  00 

Course  80,  1 3  00 

Course  81,  2 3  00 

Course  82,  3 3  OO 

Vegetable  gardening:  — 

Course  50,  3 2  00 

Course  51 2  00 

Course  52, 2  00 

Course  53 2  00 

Course  75,  1 .          •          .  3  00 

Course  76,  2 2  00 
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■  '  1 

Pomology:  —  Per  Term. 

Course  75,  1 $4  00 

Course  76,  2, 4  00 

Drawing:  — 

Course  25,  1, 3  00 

Course  26.  2 3  GO 

Course  27,  3, 3  00 

Botany:  — 

Course  3,  3,  . 1  50 

Course  25,  1, 1  50 

Course  26,  2 1  50 

Course  50,  1, 2  00 

Course  51,  2, 2  00 

Course  52,  1, 2  00 

Course  53,  2, 2  00 

Course  54,  3 2  00 

Course  55,  1, 3  00 

Course  56,  2,  .    ' 3  00 

Course  75,  1, 3  00 

Course  76,  2 3  00 

Course  77,  3 3  00 

Course  78,  1 3  00 

Course  79,  2, 3  00 

Course  80,  3, .  3  00 

Course  82,  2, 3  00 

Course  83,  3, ' 3  00 

Entomology:  — 

Course  50,  1, 1  00 

Course  61,  2 1  00 

Course  53,  1 1  00 

Course  54,  2, .  .  .  .  1  00 

Course  55,  3 1  00 

Course  75,  3, .  .  2  00 

Course  76,  1 3  00 

Course  77,  2,       • 3  00 

Course  78,  3, 3  00 

■Chemistry:  i  — 

Course  1,  1, 3  00 

Course  2,  2 3  00 

Course  3,  3, 3  00 

Course  4,  1, 3  00 

Course  5,  2, 3  00 

Course  6,  3, 3  00 

Course  25,  1,  . 4  00 

Course  26,  2, 4  00 

Course  27,  3 5  00 

Course  51,  1 5  00 

Course  52,  2 5  00 

Course  62,  3, 5  00 

Course  65,  3 4  00 

Course  76,  1 5  00 

Course  77,  2, 5  00 

Course  80,  1, 4  00 

Course  86,  2, 5  00 

Course  91,  3, 5  00 

Course  92,  2, 5  00 

'  An  additional  deposit  of  $1  for  Courses  1  to  6,  inclusive,  and  $2  for  Courses  25  to  95,  will  be 
Tequired  to  cover  individual  breakage.  In  case  the  laboratory  breakage  does  not  equal  the 
deposit,  the  balance  will  be  refunded. 
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Chemistry  —  Concluded.  Per  Term. 

Course  93,  3, $5  00 

Course  94,  2, .         .  5  00 

Course  95,  3, 5  00 

Mathematics  and  engineering:  — 

Course  27,  3 1  50 

Course  78, 3, 1  60 

Microbiology:  — 

Course  1, 3  00 

Course  3 2  00 

Course  50,  1,  2  and  3 5  00 

Course  51,  2  and  3, 5  00 

Course  52,  3 5  00 

Course  75,  2 5  00 

Course  76,  3 5  00 

Course  80,  2, 5  00 

Course  81,  1, 5  00 

Course  82,  1, 5  00 

Course  83,  1 5  00 

Physics:  — 

Course  27,  3 3  00 

Course  50,  1, .  3  00 

Course  51,  2, 3  00 

Course  52,  3 3  00 

Veterinary  science:  — 

Course  78,  1 2  00 

Course  79,  2,           ,          .          .     ■ 2  00 

Course  80,  3, 2  00 

Course  85,  1 2  00 

Course  86,  2 2  00 

Course  87,  3 !          .          .          .  2  00 

Zoology:  — 

Course  25,  1 3  00 

Course  27,  3, 31'  00 

Course  50,  1, 3  00 

Course  51,  2 3  00 

Course  52,  3, 3  00 

Course  53,  1 4  00 

Course  54,  2, 2  00 

Course  75,  1, 3  00 

Course  76,  2 3  00 

Course  77,  3, 3  00 

Course  79,  3, 2  00 

Rural  journalism:  — 

Course  53,  1 .          .  2  00 

Course  54,  2 2  00 

Course  55,  3 2  00 

Course  77,  1 2  00 

Course  78,  2 2  00 

Course  79,  3 2  00 

Course  80,  1 2  00 

Course  81,2 2  00 

Course  82,  3 2  00 

Music  (each  course),      .          .          .          .          .          .          .          .          .          .          .          .  3  00 

Rural  home  life:  — 

Courses  25,  26,  27, 1  50 

Courses  50,  51,  52 4  00 
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Rooms.  ■ 

Students  are  expected,  as  far  as  possible,  to  occupy  rooms  in  the  college 
dormitories.  Students  who  do  not  live  in  the  college  dormitories  must  secure 
rooms  approved  by  the  college.  The  assignment  of  rooms,  and  the  general 
supervision  of  the  housing  of  students,  is  in  charge  of  the  dean.  The  in- 
spection of  student  quarters  is  in  charge  of  the  commandant.  At  the  end 
of  each  college  year  aU  unoccupied  rooms  will  be  thrown  open  for  selection,, 
and  will  be  assigned  to  students  according  to  classes. 

Living  Accommodations  for  Women  Students. 

Women  students  attending  the  coUege  live  in  a  dormitory  provided  for 
them,  and  take  their  meals  at  Draper  HaU,  which  is  located  a  short  distance 
from  the  women's  dormitory.  The  women's  dormitory  accommodates  QS 
girls,  and  is  furnished.  The  present  charge  for  room  and  board  for  women 
students  is  $120  per  term. 

Student  Aid. 

Self  Help.  —  Many  students  are  obliged  to  find  work  of  some  sort  to  earn 
their  way  through  college.  A  few  men  have  met  their  entire  expenses  in  thi& 
manner,  many  more  have  paid  a  large  part  of  their  expenses,  and  many  have 
earned  a  small  proportion  of  the  cost  of  their  coUege  education;  but  the  coUege 
recommends  that  no  new  student  enter  without  having  at  least  $150  and  pref- 
erably $250  with  which  to  pay  his  way  until  he  can  establish  himself  in  some 
regular  work.  The  college  does  not  encourage  students  to  enter  without  money 
in  the  expectation  of  earning  their  way  entirely.  The  ordinary  student  will' 
find  it  better  either  to  work  and  accumulate  money  before  coming  to  college, 
or  to  take  more  than  four  years  in  completing  his  college  course,  or,  instead,, 
to  borrow  money  sufficient  to  carry  him  through.  No  student  should  under- 
take work  that  interferes  with  his  studies,  and  students  should  understand 
that,  owing  to  the  large  number  of  applications  for  employment,  no  one  man 
can  receive  a  large  amount  of  work  at  the  college.  A  number  of  students  find 
opportunities  for  earning  money  without  depending  upon  the  college  to  furnish 
them  Math  work. 

So  far  as  possible  needy  students  wiU  be  employed  in  some  department 
of  the  college.  The  divisions  of  agriculture  and  horticultm-e  usually  afford 
the  most  work,  although  there  are  several  permanent  janitorships  available 
for  students,  and  forty  or  more  students  are  employed  at  the  dining  hall. 

AppHcation  for  student  labor  should  be  made  directly  to  Kenyon  L. 
Butterfield,  president  of  the  coUege.  Applicants  are  required  to  present 
statements  from  parent  or  guardian  and  from  a  public  official  or  other 
responsible  person  of  the  town  or  city  in  which  they  reside,  explaining  the 
necessity  of  the  applicant's  need  of  assistance.  Students  whose  deportment  or 
class  work  is  not  satisfactory  are  not  likely  to  be  continued  in  student  labor. 
The  most  desirable  and  responsible  positions  are  naturally  assigned  to  those 
needy  students  who  have  been  in  the  institution  longest  and  who  have  dem- 
onstrated their  need  and  ability.  Students,  therefore,  may  find  it  rather 
difficult  to  obtain  aU  the  work  they  desire  during  their  freshman  year;  as  a 
matter  of  fact,  however,  any  student  who  is  capable  of  doing  a  variety  of 
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things,  and  who  is  a  competent  workman,  usually  finds  little  difficulty  in 
obtaining  all  the  work  that  he  can  do  from  the  outset. 

Special  Notice  to  Needy  Students.  —  In  the  last  few  years  the  demand 
for  paid  labor  on  the  part  of  new  students  has  far  exceeded  the  amount  of 
employment  that  the  coUege  can  offer.  The  coUege  cannot  promise  work  to 
any  student,  particularly  to  freshmen;  it  accordingly  urges  prospective 
students  who  are  dependent  entirely  upon  their  own  efforts  not  to  undertake 
the  course  before  they  have  earned  enough  money  to  carry  them  through,  or 
nearly  through,  the  first  year. 

Memorial  Hall. 

Soon  after  the  close  of  the  World  War  the  alumni,  students,  faculty  and 
friends  of  the  college  subscribed  $150,000  for  the  erection  of  a  soldier  memorial 
building  to  be  placed  on  the  college  campus.  This  building  was  completed  in 
the  summer  of  1921.  It  is  designed  to  serve  as  headquarters  for  the  student 
activities,  and  as  the  center  of  the  social  life  of  the  institution. 

In  the  basement  are  bowling  alleys,  pool  tables,  a  store,  post  office  and  barber 
shop.  On  the  main  floor  are  eight  offices  for  leaders  of  various  student  activi- 
ties, a  large  reading  room,  and  a  beautiful  memorial  room  in  which  is  found 
the  tablet  bearing  the  names  of  the  sons  of  the  college  who  gave  their  Uves  in 
the  great  war.  On  the  second  floor  is  an  auditorium  seating  350  persons. 
This  room  is  also  used  for  college  dances. 


Student  Accounts. 

The  following  rules  are  enforced  concerning  student  accounts :  — 

No  student  will  be  allowed  to  graduate  until  aU  bills  due  the  institution 
from  him  are  paid. 

CoUege  charges,  such  as  room  rent,  laboratory  fees  and  tuition,  must  be 
paid  in  advance,  at  the  beginning  of  each  term.  This  rule  is  strictly  adhered 
to,  and  no  student  will  be  allowed  to  complete  his  registration  until  such  pay- 
ments are  made. 

Every  student  boarding  at  Draper  Hall  is  required  to  pay  at  the  beginning 
of  each  term  at  least  one  month's  board  in  advance;  and  no  student  wiU  be 
allowed  to  continue  to  board  at  Draper  Hall  if  at  any  time  during  the  term 
he  is  more  than  one  week  in  arrears  in  his  payment  for  board. 

All  money  due  for  student  labor  shall  at  the  discretion  of  the  treasurer  of 
the  coUege  be  applied  on  account  toward  any  bills  that  a  student  may  owe  to 
the  institution. 

Student  Relations. 

The  customary  high  standard  of  coUege  men  in  honor,  manliness,  self- 
respect  and  consideration  for  the  rights  of  others  constitutes  the  standards 
of  student  deportment. 

Any  student  known  to  be  guilty  of  dishonest  conduct  or  practice  must 
be  reported  by  the  instructor  to  the  president  for  discipline. 

The  privileges  of  the  coUege  may  be  withdrawn  from  any  student  at  any 
time,  if  such  action  is  deemed  advisable. 

It  should  be  understood  that  the  college,  acting  through  its  president  or 
any  administrative  officer  designated  by  him,  distinctly  reserves  the  right, 
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not  only  to  suspend  or  dismiss  students,  but  also  to  name  conditions  under 
which  students  may  remain  in  the  institution.  For  example,  if  a  student  is 
not  doing  creditable  work  he  may  not  only  be  disciplined  but  he  may  also  be 
required  to  meet  certain  prescribed  conditions  in  respect  to  his  studies,  even 
though  under  the  foregoing  rules  his  status  as  a  student  be  not  affected.  The 
same  provision  applies  equally  to  the  matter  of  absences  ("cuts")-  According 
to  the  rules  a  student  is  allowed  a  certain  percentage  of  absences  from  class 
and  other  exercises.  This  permission,  which  implies  a  privilege  and  not  a 
right,  may  be  withdrawn  at  any  time  for  any  cause. 

Similarly,  also,  it  applies  to  participation  in  student  activities.  Though 
this  will  ordinarily  be  governed  by  the  rules  as  already  laid  down,  yet,  if  in 
the  judgment  of  the  college  authorities  a  student  is  neglecting  his  work  on 
account  of  these  activities,  the  privilege  of  participating  in  them  may  be 
withdrawn  for  such  time  as  is  considered  necessary.  Moreover,  it  may  be 
withdrawn  as  a  punishment  for  misconduct.  Prospective  students  or  then- 
parents  may,  upon  application,  obtain  a  copy  of  the  faculty  rules  governing 
student  relations  to  the  college. 

Infirmary.  .j 

The  college  maintains  an  infirmary  for  the  care  of  sick  or  injured  students. 
The  buildings  now  available  for  this  purpose  are  quite  inadequate  for  the  needs 
of  the  institution,  and  it  is  hoped  that  in  the  near  futtire  other  buildings  of 
this  kind  may  be  erected  and  the  general  equipment  somewhat  amplified.  At 
present  two  small  buildings,  built  especially  for  hospital  purposes,  are  used  for 
the  infirmary. 

The  following  statement  outlines  the  plan  followed  in  the  management  of 
the  infirmary  with  respect  to  students :  — 


Management  of  the  Infirmary. 
Supervision. 

1.  The  infirmary  is  under  the  general  supervision  of  Prof.  Charles  E.  Marshall, 
who  is  designated  as  Supervisor  of  the  Infirmary.  Miss  Grace  Charman,  the 
resident  nurse,  with  Miss  Marguerite  Davis  as  assistant  resident  nurse,  is  in 
immediate  charge  of  the  infirmary. 

Use  of  Infirmary. 

2.  Students  are  urged  to  go  to  the  infirmary  at  any  time  that  they  are  in 
need  of  the  services  rendered  by  the  resident  nurse  or  by  a  town  physician. 
Inasmuch  as  the  physical  director  gives  special  attention  to  all  student 
diseases,  it  is  to  be  expected  that  the  majority  of  the  students  will  go  to  the 
infirmary  at  his  suggestion.  This  understanding,  however,  should  in  no  way 
deter  students  from  going  to  the  infirmary  voluntarily  at  any  time. 

4 

General  Health. 

3.  Students  are  urged  to  consult  the  physical  director  or  the  resident  nurse 
immediately  when  signs  of  physical  disorder  appear.  Severe  attacks  of  cold 
or  other  forms  of  illness  can  usually  be  avoided  if  treatment  is  administered 
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in  the  incipient  stage.  The  purpose  of  the  infirmary  is  to  help  maintain 
the  general  good  health  of  the  students,  as  well  as  to  furnish  a  suitable 
place  for  professional  attention  in  cases  of  severe  illness  or  accident. 

General  Fee. 

4.  The  infirmary  fee  will  be  at  the  rate  of  S2  a  day,  and  will  be  charged 
when  one  or  more  meals  are  obtained  at  the  infirmary,  or  when  the  student 
remains  at  the  infirmary  for  one  or  more  nights.  A  nominal  charge  will  be 
made  to  out-patients  for  miscellaneous  treatment  of  a  minor  character. 

Additional  Expenses. 

5.  In  addition  to  the  fee  charged,  as  specified  in  paragraph  4,  the  following 
additional  expenses  will  be  charged  to  the  patient :  — 

(o)  Nurses.  —  In  case  a  special  nurse  is  required  for  the  proper  care  of  an 
individual,  the  services  and  board  of  this  nurse  will  be  paid  by  the  patient. 
Such  a  nurse  will  be  under  the  general  supervision  of  the  resident  nurse. 

(6)  Professional  Service.  —  If  a  student  requires  medical  attention  by  a 
physician,  he  will  be  required  to  select  his  physician  and  become  responsible 
for  fees  charged  by  the  physician. 

(c)  Supplies.  —  Special  medical  supplies  prescribed  by  a  physician  or  nurse 
will  be  charged  to  the  patient. 

(d)  Laundry.  —  Expense  for  personal  laundry  incurred  by  students  while  in 
the  infirmary  will  be  charged  to  the  individual  student. 

B.     COLLEGE  ACTIVITIES. 
General  Exercises. 

Chapel  exercises  are  held  two  mornings  each  week.  On  Thursday  an 
afternoon  assembly  is  held,  to  which  some  prominent  layman  or  professional 
man  is  invited  to  speak.  The  object  of  these  assemblies  is  to  bring  to  the 
students  discussions  of  topics  of  present-day  interest.  A  special  chapel  service 
on  Sunday  is  usually  held  during  the  winter  months.  Students  are  required 
to  attend  these  general  exercises,  although  the  president  is  authorized  to  excuse 
from  chapel  any  student  who  may  object  to  attendance  thereon  because  of  his 
religious  scruples,  provided  his  request  for  excuse  therefrom  is  endorsed  by  his 
parent  or  guardian. 

Student  Activities. 

A  large  number  of  student  organizations  furnish  opportunity  to  students 
for  work  and  leadership. 

The  Massachusetts  Agricultural  College  Social  Union  was  established 
in  1907.  All  students  become  members  of  the  union  by  paying  a  small  fee. 
In  the  fall  and  winter  months  the  union  gives  a  series  of  entertainments,  free 
to  students  and  faculty. 

The  CoUege  Senate  is  composed  of  representatives  of  the  junior  and  senior 
classes.  This  body  serves  as  a  general  director  of  undergraduate  conduct, 
and  represents  before  the  faculty  the  interests  of  the  student  body. 

The  Young  Men's  Christian  Association  is  active  both  socially  and  reli- 
giously.   A  Catholic  club  has  also  been  organized. 
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The  musical  organizations  include  an  orchestra,  a  mandolin  club  and  a 
glee  club.  These  furnish  music  for  college  meetings,  and  occasionally  give 
concerts  at  the  college  and  at  other  places. 

A  dramatic  club  has  been  organized,  and  each  year  presents  a  play. 

The  Public  Speaking  Council  represents  the  students'  interest  in  debate 
and  oratory. 

The  Athletic  Association  represents  in  the  college  the  interests  of  football, 
baseball,  track,  hockey  and  basket  ball. 

A  rifle  club  has  been  organized  for  a  few  years.  Teams  representing  this 
club  have  repeatedly  won  the  intercollegiate  championship  of  the  country, 
both  in  indoor  and  outdoor  contests. 

The  college  publications  are  the  "Massachusetts  Collegian,"  published 
weekly  by  the  student  body,  and  the  "Index,"  published  annually  by  the 
members  of  the  junior  class. 

A  nonathletics  student  activities  board,  composed  of  alumni,  faculty  and 
students,  has  charge  of  the  finances,  schedules,  etc.,  of  the  musical  clubs, 
dramatic  club  and  student  publications. 


C.    ACADEMIC  AND   DEPARTMENTAL. 
Degrees. 

Those  who  complete  a  four-year  course  receive  the  degree  of  bachelor  of 
science.     The  fee  for  graduation  from  the  college  is  $5. 

Graduate  students  who  complete  the  assigned  courses  will  receive  the 
degree  of  master  of  science  upon  the  payment  of  a  fee  of  $10.  Credit  may 
sometimes  be  allowed  towards  this  degree  for  teaching  or  other  advanced 
work  done  in  some  department  of  the  coUege. 

Graduate  students  who  complete  the  required  three-year  course  of  study, 
and  present  a  satisfactory  thesis,  will  be  granted  the  degree  of  doctor  of 
philosophy. 

Those  to  whom  degrees  are  awarded  must  present  themselves  in  person 
at  commencement  to  receive  them.     No  honorary  degrees  are  conferred. 

The  honorary  fraternity  of  Phi  Kappa  Phi  has  a  chapter  at  the  agricultural 
college.  Students  are  elected  to  membership  to  this  fraternity  on  the  basis 
of  scholarship.  Elections  are  made  from  the  highest  tenth  of  the  senior  class 
who  have  attained  an  average  grade  of  at  least  85  per  cent  during  then-  college 
course. 

Prizes. 

Prizes  are  given  annually  in  several  departments  for  excellence  in  study  or 
for  other  special  achievement.     Prizes  offered  in  1921  were:  — 

Agricultuee.  —  The  Grinnell  prizes,  given  by  Hon.  WiUiam  Claflin  of 
Boston  in  honor  of  George  B.  Grinnell,  Esq.,  of  New  York,  for  excellence  in 
theoretical  and  practical  agriculture.  Three  prizes,  $25,  $15,  $10.  The  con- 
test is  open  to  those  senior  students  whose  record  on  the  registrar's  books 
shows  an  average  standing  of  80  or  above  for  the  technical  work  taken  in  the 
Divisions  of  Agricultm-e  and  Horticulture  during  the  junior  and  senior  years. 

Botany.  —  The  Hills  prizes,  given  by  Henry  F.  Hills  of  Amherst,  amount 
to  $35  annually.  Competition  is  open  to  members  of  the  senior,  junior  and 
sophomore  classes  as  follows:   for  the  best  herbarium,  $20;    for  the  second 
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best  herbarium,  $15.  No  collection  deemed  unworthy  of  a  prize  will  be 
considered. 

Public  Speaking.  —  The  Burnham  prizes  are  awarded  as  follows:  to  the 
students  delivering  the  best  and  second  best  declamations  in  the  Burnham 
contest,  $15  and  $10,  respectively.  The  preliminary  contests  in  declamation 
are  open,  under  certain  restrictions,  to  freshmen  and  sophomores. 

The  Flint  prizes  are  awarded  as  follows:  to  the  students  delivering  the 
best  and  second  best  orations  in  the  Flint  contest,  a  gold  medal  and  $30  and 
$15,  respectively.  The  preliminary  contests  in  oratory  are  open,  under  certain 
restrictions,  to  all  regular  students. 

The  prizes  in  debate  are  awarded  as  follows:  to  each  of  the  three  students 
ranking  highest  in  the  annual  debating  contest,  a  gold  medal  and  $15.  The 
preliminary  contests  in  debate  are  open,  under  certain  restrictions,  to  all 
regular  students. 

Awards  and  Prizes,  1921. 

Grinkell  Prizes.  —  The  Grinnell  prizes,  given  by  the  Hon.  WiUiam 
Claflin  of  Boston  in  honor  of  George  B.  Grinnell,  Esq.,  of  New  York,  to  those 
members  of  the  senior  class  who  pass  the  best,  second  best  and  third  best 
examinations,  oral  and  written,  in  theoretical  and  practical  agriculture,  were 
awarded  as  follows :  — 

First  prize,  Charles  D.  Kendal). 

Second  prize,  James  W.  Alger. 

Third  prize,  Richard  B.  Lambert. 

Public  Speaking.  —  The  Burnham  prizes  were  awarded  to  the  students 
dehvering  the  best  and  second  best  declamations,  as  follows:  — 

First  prize,  Richard  G.  Wendell,  1923. 

Second  prize,  Alfred  P.  Staebner,  1924. 

Flint  Prizes.  —  The  Fhnt  prize  was  awarded  to  the  student  delivering 
the  best  oration,  as  follows :  — 

First  prize,  P.  C.  Lai,  1922. 

Hills  Prizes.  —  The  Hills  prizes  for  the  best  herbaria  were  awarded  as 
follows :  — 

First  prize,  Leverett  S.  Woodworth,  1923. 

Second  prize,  Edward  N.  Tisdale,  1923. 

Southern  Alumni  Baseball  Cup.  ■ —  For  the  best  all-round  baseball 
player  during  the  season  of  1921  the  Southern  Alumni  baseball  cup  was 
awarded  to  John  D.  Brigham  of  the  class  of  1921. 

Allen  Leon  Pond  Memorial  Medal,  for  Excellence  in  Football.  — 
The  Allen  Leon  Pond  m^emorial  medal  for  general  excellence  in  football  was 
awarded  to  Mr.  Starr  King  of  the  class  of  1921.  This  medal  is  in  memory  of 
Allen  Leon  Pond  of  the  class  of  1920,  who  died  Feb.  26,  1920. 


Degrees  Conferred  and 
Roll  of  Students 
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Master  of  Science  (M.Sc). 

Folsom,  Josiah  Chase,  B.Sc,  Massachusetts  Agricultural  College,  .  South  Hadley. 

Mallorey,  Alfred  Sidney,  B.Sc,  Massachusetts  Agricultural  College,  Lynn. 
Stratford,    Reginald    Killmaster,    Ontario    Agricultural    College 

(Toronto  University), Toronto,  Ont.,  Can. 

Doctor  of  Philosophy  (Ph.D.). 

Porter,  Bennet  Allen,  B.Sc,  Massachusetts  Agricultural  College,    .  Wallingford,  Conn. 

B.4.CHELOR    OF    SCIENCE    (B.Sc). 

Alger,  James  Warren,         .  .  .  .  .  .  .  .  Reading. 

Allen,  Harold  Kenneth, Belchertown. 

Allen,  Henry  Vaughn Concord. 

Anderson,  Charles  Henry, Medford. 

Armstrong,  Philip  Brownell,  as  of  the  class  of  1920,      .  .  .  Rutherford,  N.  J. 

Bailey,  William,  Jr., Williamstown. 

Baker,  Louis  Eliot,  .........  Salem. 

Baker,  Russell  Dexter, ■         .  Oxford,  Me. 

Ball,  Lorin  Earl '    .  .  .  .  Amherst. 

Bogholt,  Carl  Moller,  as  of  the  class  of  1919,        ....  New-port,  R.  I. 

Boynton,  Raymond  Woods,  as  of  the  class  of  1919,       .  .  .  Hopkinton. 

Brigham,  John  De.xter,      ........  Sutton. 

Brown,  Paul  Wilfred, Fiskdale. 

Bunker,  Carroll  Wooster,  as  of  the  class  of  1920,  .  .  .  Dorchester. 

Cameron,  Viola  Mary,       ........  Amherst. 

Cascio,  Peter  Joseph,         ........  Willimantic,  Conn. 

Coombs,  Roger  Conklin, Peabody. 

Cooper,  Lawrence  Melville,        .......  Charlemont. 

Davenport,  Frank  Semore,  .......  Dorchester. 

Davidson,  Donald  Gordon,  as  of  the  class  of  1920,        .  .  .  Amherst. 

Davis,  Orrin  Chester, Belchertown. 

Dean,  Herman  Nelson,      ........  Oakham. 

Douglass,  Donald  Churchill, Cambridge. 

Dunbar,  Charles  Oliver,  as  of  the  class  of  1919,  .  .  .  .  Westfield. 

Edman,  George  William,  ........  Orange. 

Evers,  Joseph  Daniel, .  Maiden. 

Fletcher,  Francis  Summers,     .    .  .  .  .  .  .  .  East  Lynn. 

Fuller,  Lorenzo,  as  of  the  class  of  1920,        .....  Lowell. 

Gaskill,  Harland  Everett,  .  .  .  .  .  .  .  Hopedale. 

Geer,  Herbert  Leroy,  ........  Three  Rivers. 

Gillette,  Nathan  Warner,  as  of  the  class  of  1918,  .  .  .  Revere. 

Gilligan,  Gerald  Mathew,  as  of  the  class  of  1919,  .  .  .  West  Warren. 

Goff,  Howard  Mason,  as  of  the  class  of  1919,        ....  Cambridge. 

Gould,  Robert  Meredith,  .......  Shelburne. 

Gray,  Irving  Emery,  ........  Woods  Hole. 

Hagar,  Joseph  Archibald, Marshfield  Hills. 

Haskins,  Harold  Arthur North  Amherst. 

Haslani,  Emerson  Francis,  .......  Westwood. 

Howard,  Frederic,    .........  Mansfield. 
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Howe,  George  Cole,  as  of  the  class  of  1918, 

Hunter,  Harold  Clayton,  .... 

Hurd,  Davis  Alden,  as  of  the  class  of  1920, 

Hurd,  Gordon  Killam,       .... 

lorio,  Carlo  Antonio,  .... 

Jones,  Robert  Lambert,  as  of  the  class  of  1920, 

Kendall,  Charles  Donald, 

Kimball,  William  Lincoln,  as  of  the  class  of  1919 

King,  Starr  Margetts,        .... 

Kirkland,  Lyle  Lord,  .... 

Knight,  Frank  Edward,  as  of  the  class  of  1919, 

Lambert,  Richard  Bowles, 

Landis,  Edward  Browdy, 

Leighton,  Arthur  Whiting, 

Lent,  Donald  Ashford,       .... 

Lincoln,  Newton  Ewell,     .... 

Lockwood,  George  Russell, 

Long,  Albert  Douglas,        .... 

Mackintosh,  Charles  Gideon, 

Mallon,  Charles  Hugh 

Mansell,  Elton  Jessup,  as  of  the  class  of  1919, 

Martin,  Laurence  Paul,  as  of  the  class  of  1920, 

McCarthy,  Justin  Jeremiah, 

Mellen,  Richard  Adams,    . 

Newell,  Philip  Sanger, 

Newton,  Edward  Buckland, 

O'Hara,  Joseph  Ernest, 

Palmer,  Walter  Isaiah, 

Peck,  Richard  Charles, 

Poole,  Harold  Walter,  as  of  the  class  of  1919, 

Pratt,  Laurence  Francis,   . 

Preston,  Everett  Carroll,  . 

Quint,  Isador  Gabriel, 

Reed,  Morris, 

Rice,  Henry  Lawrence, 

Robinson,  Philip  Luther,  . 

RosofT,  Samuel  Nathaniel, 

Russert,  Marion  Ruth, 

Sampson,  Howard  Jenney, 

Sanford,  Richard  Herbert, 

Scott,  Clifton  Wilham,  as  of  the  class  of  1920, 

Slate,  George  Lewis, 

Sloan,  Kenneth  Wilson, 

Smith,  Jonathan  Harold,  as  of  the  class  of  1919, 

Smith,  Richard  Watson,  Jr., 

Snow,  John  Dow, 

Starkey,  Robert  Lyman,   . 

Stiles,  Harry  Stephen, 

Tietz,  Harrison, 

Tillson,  Reginald  Drury,   . 

VanLennep,  Emily  Bird,   . 

Waite,  Richard  Austin, 

Watkins,  Tscharner  Degraffenreidt, 

Webster,  Milton  Fuller,     . 

West,  Guy  Clifford, 

Zercher,  Frederick  Kaupp, 


Amherst. 

South  Hadley  Falls. 

Wellesley  Hills. 

Millbury. 

Springfield. 

Attleboro. 

Worcester. 

Orange. 

Pittsfield. 

Chester. 

Brimfield. 

Gleasondale. 

Amherst. 

Abington. 

Maynard. 

Dorchester. 

Waban. 

Amherst. 

Peabody. 

East  Braintree. 

Cambridge. 

Maiden. 

Arlington. 

Cambridge. 

West  Newton. 

Holyoke. 

Worcester. 

Amherst. 

Shelburne. 

Hudson. 

Leominster. 

Dorchester. 

Boston. 

Worcester. 

Somerville. 

South  Dartmouth. 

Springfield. 

Boston. 

Fall  River. 

Westfield. 

Buckland. 

Bernards  ton. 

Amherst. 

Roslindale. 

West  Rutland,  Vt. 

Arlington. 

Fitchburg. 

Lynn. 

Richmond  Hill,  L.  1.,  N.  Y. 

Whitman. 

Great  Barrington. 

Middlefield. 

Midlothian,  Va. 

Maiden. 

Amesbury. 

Huntington,  W.  Va. 


Bachelor  of  Science,  Honoris  Causa. 


Powell,  James  Congdon, 


Newport,  R.  I. 
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Graduate  Students. 
Ali,  Mehmed,     ..........     Smyrna,  Asia  Minor. 

B.A.,  International  College,  Smyrna. 
Archibald,  John  G., Amherst. 

B.S.A.,  Ontario  Agricultural  College,  Toronto  University. 
Avery,  Roy  C, New  York  City. 

B.Sc,  Connecticut  Agricultural  College. 
Bogholt,  Carl  M., Newport,  R.  I. 

B.Sc,  Massachusetts  Agricultural  College. 
Bonnell,  Anna  V., '         .  .  .  .     Elizabeth,  N.  J. 

A.B.,  Mount  Holyoke  College. 
Buchanan,  Walter  G., Amherst. 

B.Sc,  Massachusetts  Agricultural  College. 
Campbell,  Malcolm  D Raynham. 

B.Sc,  Massachusetts  Agricultural  College. 
Campbell,  Walter  J.,  ........     Springfield. 

A.B.,  M.A.,  Princeton  University. 
Clark,  Dorothy  P., Newton. 

A.B.,  Wellesley  College. 
Coleman,  Elizabeth,  .........     Scranton,  Pa. 

A.B.,  Smith  College. 
Dooley,  Thomas  P.,   .  .  .  .  .  .  .  .  .     Dorchester. 

B.Sc,  Massachusetts  Agricultural  College. 
Dowd,  William  L., North  Amherst. 

B.Sc,  Massachusetts  Agricultural  College. 
Drain,  Brooks  D.,       .  .  .  .  .  .  .  .  .     Amherst. 

B.Sc,  Ohio  State  University. 
Drexel,  Richard  J., Tifton,  Ga. 

B.S.A.,  Georgia  State  College  of  Agriculture. 
Edwards,  Mildred  E.,  .......  .     Kingston,  R.  I. 

B.Sc,  Rhode  Island  State  College. 
Elder,  Thomas  E., Mount  Hermon. 

B.Sc,  Cornell  University. 
Flikkema,  Renzy  E.,  ........     Morrison,  111. 

A.B.,  Hope  College. 
Erellick,  Arthur  L.,     ........  .     Everett. 

B.Sc,  Massachusetts  Agricultural  College.                             ^ 
Frellick,  Ralph  S., Everett. 

B.Sc,  Franklin  College. 
French,  Arthur  P.,      .  .  .  .  .  .  .  .  .     Amherst. 

B.Sc,  Ohio  State  University. 
French,  Rowland  B.,  ........     Haverhill. 

B.Sc,  Dartmouth  College. 
Garvey,  Mary  E.  M.,  ........     Amherst. 

B.Sc,  Massachusetts  Agricultural  College. 
Gifford,  George  E., .  .     Middleton. 

B.Sc,  Boston  University. 
Gilligan,  Gerald  M.,  .  .  .  .  .  .  .  .  .     West  Warren. 

B.Sc,  Massachusetts  Agricultural  College. 
Glover,  Theodore  W.,  ........     North  Easton. 

B.Sc,  Massachusetts  Agricultural  College. 
Godbout,  J.  Adelard,  ......    Ste.  Anne  de  la  Pocatiere,  P.  Q.,  Can. 

B.Sc,  B.S.A.,  Ecole  d' Agriculture  de  Ste.  Anne  de  la  Pocatiere. 


204  AGRICULTURAL  COLLEGE.  [Jan. 

Gray,  Adonis  L., Huntingburg,  Ind. 

B.S.A.,  Purdue  University. 
Harris,  Roy  D., Middlebury,  Vt. 

B.Sc.,  Middlebury  College. 
Hood,  Egerton  G.,      .......         Macdonald  College,  Quebec,  Can. 

B.S.A.,  Ontario  Agricultural  College,  Toronto  University. 
Howard,  Major  T.  J Atlanta,  Ga. 

A.B.,  Philander  Smith  College. 

B.D.,  Gammon  Theological  Seminary. 
Julian,  Arthur  N., Amherst. 

B.A.,  Northwestern  University. 
King,  William  C. San  Antonio,  Tex. 

B.S.A.,  Texas  Agricultural  and  Mechanical  College. 
Kinney,  Asa  S., South  Hadley. 

B.Sc,  Massachusetts  Agricultural  College. 
Le  Due,  Ashley  C. Westfield. 

B.Sc,  Massachusetts  Agricultural  College. 
Lincoln,  Newton  E., Dorchester. 

B.Sc,  Massachusetts  Agricultural  College. 
Lowe,  C.  Hiram, Chinwangtao,  N.  C. 

B.A.,  Pekin  University. 

B.Sc,  University  of  Illinois. 
McCrimmon,  John  G Williamstown,  Ont.,  Can. 

B.S.A.,  Ontario  Agricultural  College,  Toronto  University. 
Merritt,  L.  A., Williamsburg. 

B.Sc,  Trinity  College. 
Meserve,  Charles  A., Livermore  Falls. 

B.Sc,  Massachusetts  Institute  of  Technology. 

Ph.D.,  University  of  Erlangen,  Bavaria. 
Morgan,  Ezra  L., Amherst. 

A.B.,  McKendree  College. 

M.A.,  University  of  Wisconsin. 
Morin,  Adrien,  .  .  .  .  .  .  •  .  •     SaintCelestin,  P.Q.,  Can. 

B.S.A.,  lilcole  d' Agriculture  de  Ste.  Anne  de  la  Pocatiere. 
Neill,  James  M Clarion,  Pa. 

B.Sc,  Alleghany  College. 
Nirodi,  Bhavani  S., Madras,  India. 

B.A.,  University  of  Madras. 

O'Brien,  Daniel  W. Natick. 

B.Sc,  Massachusetts  Agricultural  College. 

Potter,  David Concord. 

B.Sc,  Massachusetts  Agricultural  College. 
Pratt,  Lawrence  F North  Weymouth. 

B.Sc,  Massachusetts  Agricultural  College. 
Rice,  Victor  A., Amherst. 

B.Sc,  North  Carolina  State  College. 
Robertson,  William  F., Framingham. 

B.Sc,  Massachusetts  Agricultural  College. 
Rogers,  Roland  W Braintree. 

B.Sc,  Massachusetts  Agricultural  College. 
Sampson,  How.ard  J Fall  River. 

B.Sc,  Massachusetts  Agricultural  College. 
Sanborn,  Joseph  R North  Amherst. 

B.Sc,  Massachusetts  Agricultural  College. 
Sanctuary,  William  C Amherst. 

B.Sc,  Massachusetts  Agricultural  College. 
Serex,  Paul,  Jr., Amherst. 

B.Sc,  M.Sc,  Massachusetts  Agricultural  College. 
Smith,  Mrs.  Edith  H Westfield. 

BA.,  Mount  Holyoke  College. 
Thelin,  Guy Sioux  Falls,  S.  D. 

B.Sc,  South  Dakota  State  College. 
Tietz,  Harrison  M Richmond  Hill,  N.  Y. 

B.Sc,  Massachusetts  Agricultural  College. 
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Towle,  Dorothy Westfield. 

B.A.,  Mount  Holyoke  College. 
Watson,  Esther,  .........     Boston. 

B.Sc,  Teachers  College,  Columbia  University. 
Wolfe,  Benjamin  F.,  .  .  .  .  .  .  .  .  .     Columbia  City,  Ind. 

B.S.A.,  Purdue  University. 
Worthley,  Harlan  N.,  .  .  .  .  .  .  .  .     Amherst. 

B.Sc,  Massachusetts  Agricultural  College. 
Yount,  Hubert  W., Toledo,  Ohio. 

B.Sc.Agr.,  Ohio  State  University. 


Registered  after  the  Catalogue  for  1920  was  published. 

Dowd,  William  L.,      ........  .     North  Amherst. 

B.Sc,  Massachusetts  Agricultural  College. 
Godbout,  J.  Adelard,  ......    Ste.  Anne  de  la  Pocatiere,  P.  Q.,  Can. 

B.S.,  B.S.A.,  Ecole  d' Agriculture  de  Ste.  Anne  de  la  Pocatiere. 
Knight,  Frank  E Brimfield. 

B.Sc,  Massachusetts  Agricultural  College. 
Maginnis,  John  J.,      ........  .     Lawrence. 

B.Sc,  Massachusetts  Agricultural  College. 
Meserve,  Charles  A.,  ........     Livermore  Falls,  Me. 

B.Sc,  Massachusetts  Institute  of  Technology. 

Ph.D.,  University  of  Erlangen,  Bavaria. 
O'Hara,  Joseph  E.,     .........     Worcester. 

B.Sc,  Massachusetts  Agricultural  College. 
Porter,  Bennett  A.,     .  .  .  .  .  .  .  .  .     Amherst. 

B.Sc,  Massachusetts  Agricultural  College. 
Rice,  Victor  A.,  .........     Amherst. 

B.Sc,  North  Carolina  State  College. 
Robertson,  William  F.,        .  .  .  .  .  .  .  .     Framingham. 

B.Sc,  Massachusetts  Agricultural  College. 
Rogers,  Harriet  O.,     ........  .     New  London,  Conn. 

B.Sc,  Connecticut  College  for  Women. 
Serex,  Paul,  Jr.,  .  .  .  .  .  .  .  ...     Amherst. 

B.Sc,  M.Sc,  Massachusetts  Agricultural  College. 
Smith,  Irene  I.,  .........     Somerville. 

B.A.,  Smith  College. 
Smith,  Susan  A.,         .  .  .  .  .  .  .  .  .     Great  Barrington. 

B.Sc,  Massachusetts  Agricultural  College. 
Tietz,  Harrison  M. Richmond  Hill,  N.  Y. 

B.Sc,  Massachusetts  Agricultural  College. 
Tillson,  Reginald  D.,  .  .  .  .  .  .  .  .     Whitman. 

B.Sc,  Massachusetts  Agricultural  College. 
Worthley,  Harlan  N.,  ........     Amherst. 

B.Sc,  Massachusetts  Agricultural  College. 


Acheson,  Roger  Melvin, 
Andrews,  John  Hollis,    . 
Sainton,  Hubert  Judson,  i 
Baker,  George  Louis, 
Barnard,  Kenneth  Allen, 
Beckvvith,  Robert  Henry, 
Bent,  Leslie  Dana, 
Blakely,  Roger  Wolcott, 
Blanchard,  Raymond  Stanwood, 
Bromley,  Stanley  Willard, 
Buck,  Charles  Alfred,    . 
Burnett,  Paul  Lapham, 
Burnham,  Edwin  Graham, 


Class  of  1922  (Seniors) 

New  Bedford,    . 

Vinej'ard  Haven, 

Hyde  Park, 

Amherst, 

Shelburne, 

Pittsfield, 

Medfield, 

Medford, 

Wollaston, 

Southbridge, 

Mansfield, 

Leicester, 

Springfield, 


Alpha  Gamma  Rho. 

11  North  College. 

12  North  College. 
124  West  Street. 
Q.  T.  V. 

North  College. 
Lambda  Chi  Alpha. 
46  Pleasant  Street. 
3  North  College. 
Alpha  Gamma  Rho. 
Alpha  Gamma  Rho. 
Theta  Chi. 
Lambda  Chi  Alpha. 
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Carey,  Edmund  Thomas, 
Chapin,  Ellis  Warren,  Jr., 
Chase,  Eleanor  Frances, 
Clark,  Clarence  Frederick, 
Collins,  Herbert  Laurence, 
Conant,  Luman  Binney, 
Cook,  Frederick  Belcher, 
Cotton,  George  Asa, 
Crawford,  Alexander  George, 
Davis,  Harold  Sanborn, 
Degener,  Otto, 
Dwyer,  James  Edward, 
Erysian,  Harry  Adrian, 
Field,  Richard  Edmund, 
Freeman,  Stanley  Leonard, 
Gilbert,  Frank  Albert,  Jr., 
Gowdy,  Carlyle  Hale,    . 
Haskins,  Philip  Hall,      . 
Higgin,  Albert  Snyder,  . 
Hodgson,  Robert  Moore, 
Holman,  Reginald  Newton, 
Hooper,  Francis  Edwards, 
Hurder,  Ruth  Wasson,  i 
Hussey,  Francis  William, 
Jackson,  Belding  Francis, 
Jordan,  Raymond  Douglas,  i 
Kemp,  George  Austin,   . 
Knapp,  Irving  Robinson, 
Kokoski,  Frank  Joseph,  i 
Krasker,  Abraham,  i 
Kroeck,  Julius,  Jr., 
Lacroix,  Donald  Sewall,  i 
Lai,  Prem  Chand, 
Law,  Hervey  Fuller, 


Leland,  James  Freeman,  Jr.,  i 
Leonard,  Earle  Stanley,  i 
Lewandowski,  John  Neptumcen, ' 
Lindquist,  Harry  Gotfred, 
Lovering,  Everett  Waldron,    . 

Levering,  Rolland  Frederick,  i 


Lowery,  John  Gordon,  . 
lyyons,  Edgar  Albion,     . 
Lyons,  John  Joseph,  Jr.,  i 
Main,  Stuart  DeGroff,  . 
Martin,  Edward  William, 
McGuinn,  Albert  Francis, 
McNulty,  Raymond  Henry, 
Moody,  Kenneth  Watts, 
Moseley,  Henry  Samson,  i 
Murdock,  Matthew  John, 
Murray,  Harry  Athol,  Jr., 
Murray,  Myron  George, 
Nigro,  Henry, 
Packer,  George  Blanchard, 
Peck,  William  Henry,    . 
Perry,  Helen  Margaret, 
Pickup,  Ezra  Alden, 
PolJard,  Jane  Isabel, '     . 
Randall,  Kenneth  Charles, 


Springfield, 
Chicopee  Falls, 
Amesbury, 
Sunderland, 
Arlington, 
Waltham, 
Niantic,  Conn., 
Woburn,  . 
Waverley, 
Belchertown,     . 
New  York,  N.  Y., 
Sunderland, 
Chelsea,   . 
Shelburne  Fall.s, 
Needham, 
Brandon,  Vt.,    . 
Westfield, 
North  Amherst, 
Baltimore,  Md., 
Boston,    . 
Somerville, 
Revere,    . 
Milton,     . 
Whitinsville, 
Belchertown,     . 
Springfield, 
North  Andover, 
Seekonk, 
Amherst, 
Revere,     . 
Huntington,  L.  I.,  J 
Rowley,    . 
India, 
Longmeadow,    . 

Sherborn, 
Hyde  Park, 
Easthampton,   . 
Holden,    . 
Northampton,  . 

Northampton,  . 

^Maiden,   . 

Methuen, 

Arlington, 

Maplewood,  N.  J., 

Amherst, 

Worcester, 

North  Brookfield, 

Brookline, 

Glastonbury,  Conn. 

Medford, 

Arlington, 

Bradford, 

Revere,     . 

Woodbury,  Conn., 

Stow, 

Waltham, 

Holyoke, 

North  Adams,  . 

Springfield, 


.  Kappa  Gamma  Phi. 

.  11  North  College. 

.  Abigail  Adams  House. 

.  Q.  T.  V. 

.  Sigma  Phi  EpsUon. 

..  Alpha  Gamma  Rho. 

.  North  College. 

.  Sigma  Phi  Epsilon. 

.  15  South  College. 

.  20  South  College. 

.  101  Butterfield  Terrace. 

.  Alpha  Sigma  Phi. 

.  2  North  College. 

.  Q.  T.  V. 

.  Lambda  Chi  Alpha. 

.  Lambda  Chi  Alpha. 

.  103  Pleasant  Street. 

.  Phi  Sigma  Kappa. 

.  Alpha  Sigma  Phi. 

.  Q.  T.  V. 

.  Q.  T.  V. 

.  Sigma  Phi  Epsilon. 

.  Abigail  Adams  House. 

.  15  South  College. 

.  20  South  College. 

.  North  College. 

.  16  South  College. 

.  3  North  College. 

53  Northampton  Road. 

.  14  South  College. 

Y.,   .  Phi  Sigma  Kappa. 

.  French  Hall. 

.  G  North  College. 

.  Experiment  Station,  care  of 
Mr.  Everson. 

.  Alpha  Sigma  Phi. 

.  Lamdii  Chi  Alpha. 

.  Alpha  Sigma  Phi. 

.  11  North  College. 

.  283  Prospect  Street,  North- 
ampton. 

.  283  Prospect  Street,  North- 
ampton. 

.  Kappa  Sigma. 

.  3(i  North  Prospect  Steet. 

.  Sigma  Phi  Epsilon. 

.  101  Butterfield  Terrace. 

.  5  Phillips  Street. 

.  Alpha  Sigma  Phi. 

.  Commons  Club. 

.  84  Pleasant  Street. 

.  Alpha  Sigma  Phi. 

.  Q.  T.  V. 

.  Theta  Chi. 

.  S4  Pleasant  Street. 

.  Commons  Club. 

.  Sigma  Phi  Epsilon. 

.  Lambda  Chi  Alpha. 

.  Abigail  Adams  House. 

.  4  North  College. 

.  Abigail  Adams  House. 

.  East   Experiment   Station, 
care  of  Mr.  Everson. 
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Reed,  Paul  Malcolm,  i  . 
Richardson,  Marjory,     . 
Roser,  Conrad  Herman, 
Russell,  Ralph, 
Shaughnessy,  Howard  John, 
Smith,  Albert  William, 
Smith,  Rowland  Piper,  i 
Spring,  Hobart  Wadsworth, 
Stevens,  Ralph  Shattuck,  i 
Sullivan,  Joseph  Timothy, 
Swift,  Arthur  Lawrence, 
Talmage,  Harry  John,   . 
Tanner,  Willis,  i    . 
Thompson,  George  Henry,  Jr 
Tucker,  Francis  Sample, 
Vinten,  Charles  Raymond, 
Walker,  Philip  Duane,  . 
Warren,  Edwin  Herbert, 
Waugh,  Frederick  Vail, 
Weber,  Harold  Richard,  i 
Wentsoh,  Harold  Earle,  i 
Whitaker,  Carl  Fales,  i 
White,  George  Edwin, ' 
Wood,  Clarence  Milton, 


.  Baldwinville,     . 

.  Millis,       . 

.  Glastonbury,  Conn., 

.  Worcester, 

.  Amherst, 

.  Easthampton,   . 

.  North  Amherst, 

.  Braintree, 

.  Arlington, 

.  Lawrence, 

.  North  Amherst, 

.  Springfield, 

.  Worcester, 

.  Lenox, 

,  Arlington, 

.  Roxbury, 

.  Hardwick, 

.  Chelmsford, 

.  Amherst, 

.  Brooklyn,  N.  Y., 

.  Worcester, 

.  Hadley,    . 

.  Worcester, 

.  West  Somerville, 


.  Phi  Sigma  Kappa. 

.  Abigail  Adams  House. 

.  Phi  Sigma  Kappa. 

.  15  North  College. 

.  51  Amity  Street. 

.  Alpha  Sigma  Phi. 

.  46  Pleasant  Street. 

.  Q.  T.  V. 

.  9  South  College. 

.  Alpha  Gamma  Rho. 

.  Summer  Street. 

.  North  College. 

.  7  North  College. 

.  Sigma  Phi  Epsilon. 

.  Alpha  Sigma  Phi. 

.  Theta  Chi. 

.  Alpha  Sigma  Phi. 

.  Lambda  Chi  Alpha. 

.  Kappa  Sigma. 

.  2  North  College. 

.  Kappa  Gamma  Phi. 

.  Kappa  Sigma. 

.  Kappa  Gamma  Phi. 

.  84  Pleasant  Street. 


Abele,  Trescott  Tupper, 
Alexander,  Donald  Briggs,  i 
Alger,  Mason  Williams,  i 
Arrington,  Luther  Bailey, 
Baker,  Howard,     . 
Bartlett,  Warren  Leslie,  i 
Bateman,  Eleanor  Willard, 
Bates,  Howard, '  . 
Bates,  Robert  Brooks,   . 
Beal,  James  Allen,  ^ 
Bennett,  James  Stanley, 
Boles,  Inza  Almena,  i     . 
Borgeson,  Melvin  Benjamin, 
Brewer,  Gardner  Hunter, 
Broderick,  Lawrence  Francis, 
Buckley,  Francis  Edward,  ^ 
Burke,  Edmund  William, 
Cohen,  Solomon,  i 
Collins,  Donald  Keith,  i 
Corash,  Paul, 

Dickinson,  Lewis  Everett,  Jr 
Dowden,  Philip  Berry,  . 
Eldredge,  Reuel  West, ' 
Faneuf,  John  Benedict, 
Farwell,  Charles  Austin,  i 
Fitzpatrick,  Leo  Joseph, 
Folsom,  Owen  Eugene, ' 
Friend,  Roger  Boynton, 
Fuller,  Robert  Donald,  i 
Gamzue,  Benjamin,  i 
Gerry,  Bertram  Irving, ' 
Gildemeister,  Mary  Katherine 
Giles,  Clifton  Forrest,  i 
Gold,  Philip,  I 
Gordon,  Howard  Reynolds, 


Class  or  1923  (Juniors). 

.  Quincy,    . 

.  Boston,    . 

.  West  Bridgewater, 

.  Florence, 

.  Marshfield, 

.  Roslindale, 

.  Arlington  Heights, 

.  Cohasset, 

.  West  Springfield, 

.  Abington, 

.  South  Meriden,  Conn 

.  Dorchester, 

.  Worcester, 

.  Upton, 

.  Hyde  Park, 

.  Natick,     . 

.  Watertown, 

.  Dorchester, 

.  Rockland, 

.  Worcester, 

.  Holyoke, 

.  Sandwich, 

.  Winchester, 

.  West  Warren,   . 

.  Turners  Falls,   . 

.  Brockton, 

.  Roslindale, 

.  Dorchester, 

.  Woburn,  . 

.  Holyoke, 

.  Peabody, 

'      .  Belchertown, 

.  Newtonville, 

.  Roxbury, 

.  Ipswich,   . 


Theta  Chi. 
Sigma  Phi  Epsilon. 
Alpha  Gamma  Rho. 
Alpha  Gamma  Rho. 
Sigma  Phi  Epsilon. 
Phi  Sigma  Kappa. 
Abigail  Adams  House. 
Kappa  Gamma  Phi. 
Alpha  Gamma  Rho. 
Kappa  Sigma. 
Alpha  Gamma  Rho. 
Abigail  Adams  House. 
Kappa  Gamma  Phi. 
Stockbridge  Hall. 
North  College. 
Kappa  Sigma. 
Commons  Club. 
10  North  College. 
Theta  Chi. 
14  South  College. 
Commons  Club. 
Sigma  Phi  Epsilon. 
Kappa  Sigma. 
North  College. 
Alpha  Sigma  Phi. 
North  College. 
Phi  Sigma  Kappa. 
Alpha  Gamma  Rho. 
Stockbridge  Hall. 
13  South  College. 
Alpha  Gamma  Rho. 
Abigail  Adams  House. 
Sigma  Phi  Epsilon. 
10  North  College. 
Lambda  Chi  Alpha. 
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Graves,  George,  i 
Grayson,  Raymond  Henry,  i 
Hale,  John  Stanoliff, 
Hallett,  Melvin  Bernard, ' 
Hardy,  Sherman  Keeler,  ^ 
Harrington,  Robert  John,  i 
Heath,  Allan  Jay,  i 
Hilyard,  Norman  Douglas,  i 
Hodsdon,  Marshall  Sinclair, 
Holley,  George  Gilbert, 
Hollis,  Frederick  Allen,  i 
Hunter,  Henry  Leander,  Jr., 
Irish,  Gilbert  Henry, 
Johnson,  Cleon  Bancroft, 
Johnson,  Eyrie  Gray,  i  . 
Jones,  Alan,  i         .  . 

Keith,  Clifford  Woodworth,  i 
Kelley,  Rodney  Fredric, 
Labrovitz,  Rose  Florence,  i 
Lawrence,  Robert  Parker,  i 
Lewis,  Molly  LeBaron, 
Lindskog,  Gustaf  Elmer  Richard, 
Luddington,  Frank  Dennison,  i 
MacCready,  Donald  Eugene, 
Marshall,  Alexander  Borea,  i 
Marshman,  Wilbur  Horace, 
Martin,  Frances  Barbara,  i 
Martin,  Robert  Fitz-Randolph,  i 
Mather,  Edna, 
Mohamedi,  Sageer, 
Mohor,  Robert  deSales,  i 
Mudgett,  Vernon  Downer, 
Newell,  Richard  Carll,  . 
Norcross,  Harry  Cecil,  . 
Nowers,  Donald  Gilford,  i 
Paddock,  Wallace  Earl, 
Partington,  Clyde  Nash,  i 
Picard,  Charles  Francis, 
Putnam,  Ernest  Taylor,  i 
Richards,  Homer  Flint,  i 
Richardson,  Mark  Morton, 
Roberts,  Arthur  William, 
Russell,  Charles  Francis,  > 
Sandow,  Alexander, 
Sargent,  Richmond  Holmes, ' 
Sears,  Fred  Grant,  Jr.,  . 
Sharpe,  Charles  Gertner, 
Shea,  Thomas  Francis,  i 
Slade,  Irving  Woodman, 
Smith,  Jeffrey  Poole, 
Snow,  Thomas  Lathrop, 
Tanner,  Edwin,     . 
Tarr,  James  Gordon, 
Task,  Mortimer,   . 
Tisdale,  Edward  Norman,  i 
Towne,  Carroll  Alden,    . 
Towne,  Warren  Hannaford, 
Tumey,  Malcomb  Edward,  i 
Turner,  Dorothy  VanHoven, 
Walsh,  John  Leonard, ' 
Wendell,  Richard  Goodmn, 
Whitaker,  Holden, 
Whittier,  John  McKey, 


Granville,  Ohio, 

Milford,   . 

South  Glastonbury,  Conn. 

Rockland, 

Littleton, 

Holyoke, 

Newfane,  Vt.,   . 

Lynn, 

Melrose  Highlands, 

Fiskdale, 

Charlton, 

Mt.  Kisco,  N.  Y., 

Turner,  Me.,     . 

Ipswich,   . 

Mattapan, 

Boston,    . 

Providence,  R.  I., 

Long  Lake,  Minn., 

Amherst, 

East  Greenwich,  R.  I. 

Jamaica  Plain, 

Roxbury, 

Hamden,  Conn., 

Elizabeth,  N.  J., 

Greenwich,  Conn., 

Springfield, 

Amherst, 

Amherst, 

Amherst, 

India, 

Newton  Centre, 

Brookline, 

West  Springfield, 

Brimfield, 

Danvers, 

Worcester, 

Medford, 

Plymouth, 

Greenfield, 

Reading, 

West  Brookfield, 

Hyde  Park, 

Winchendon, 

Pittsfield, 

Buxton,  Me.,     . 

Dalton,     . 

Amherst, 

Holyoke, 

Chelsea,   . 

West  Roxbury, 

Greenfield, 

Worcester, 

Gloucester, 

West  Stoughton, 

Medfield, 

Auburndale, 

Cambridge, 

Deerfield, 

Washington,  D.  C, 

Amherst, 

Belmont, 

Newton  Highlands, 

Brookline, 


9  Fearing  Street. 

Alpha  Sigma  Phi. 

Phi  Sigma  Kappa. 

East  Experiment  Station. 

The  Davenport. 

Alpha  Sigma  Phi. 

Commons  Club. 

Q.  T.  V. 

Phi  Sigma  Kappa. 

Lambda  Chi  Alpha. 

8  North  College. 
Theta  Chi. 
Lambda  Chi  Alpha. 
Commons  Club. 
Lambda  Chi  Alpha. 
Alpha  Gamma  Rho. 
Theta  Chi. 
Eames  Street. 

11  Amity  Street. 
Lambda  Chi  Alpha. 
Abigail  Adams  House. 
Clark  Hall. 
North  College. 
Veterinary  Laboratory. 
Theta  Chi. 
Kappa  Sigma. 
5  Phillips  Street. 
Amherst  House. 
5  Allen  Street. 
One  Acre,  Mt.  Pleasant. 
Phi  Sigma  Kappa. 
Lambda  Chi  Alpha. 
Alpha  Gamma  Rho. 
Lambda  Chi  Alpha. 
Lambda  Chi  Alpha. 
Lambda  Chi  Alpha. 

9  Phillips  Street. 
Commons  Club. 
Commons  Club. 
Theta  Chi. 

9  South  College. 
Theta  Chi. 
5  Fearing  Street. 
13  South  College. 
Kappa  Sigma. 
Phi  Sigma  Kappa. 
13  Page  Street. 
Kappa  Gamma  Phi. 
Kappa  Sigma. 
North  College. 
Alpha  Gamma  Rho. 
7  North  College. 
Sigma  Phi  Epsilon. 

15  North  College. 

16  South  College. 
Q.  T.  V. 
Commons  Club. 
Q.  T.  V. 

Abigail  Adams  House. 
Kappa  Gamma  Phi. 
Phi  Sigma  Kappa. 
Q.  T.  V. 
Kappa  Sigma. 
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Williams,  Forrest  Earl,  i 
Wirth,  Conrad  Louis,  i  . 
Woodworth,  Leverett  Stearns, 


Sunderland, 
Minneapolis,  Minn., 
Newton,  . 


Q.  T.  V. 

Kappa  Sigma. 
Veterinary  Building. 


Arangelovich,  Danitza,  i 
Atkins,  Harold  Kent,  i  . 
Ball,  Kenneth  Moore,    . 
Barrows,  Robert  Arthur, 
Barteaux,  Frank  Everett,  i 
Bartlett,  Frederick  Sheldon, 
Bartlett,  Perry  Goodell, 
Belden,  Clifford  Luce,    . 
Bike,  Edward  Louis, 
Bliss,  Elisha  French,  Jr., 
Bowes,  Charles  Atwell, 
Brunner,  Fred,  Jr.,  ^ 
Cahalane,  Victor  Harrison, 
Carpenter,  Earle  Stanton, 
Chase,  Theodore  Martin,  i 
Cromack,  Earl  Aiigustus,  i 
Darling,  Robert  Martin,  i 
Davis,  Howard  Halsey, ' 
Deuel,  Charles  Frederick,  2d, 
Dewart,  Hartley,  i 
Dimock,  Walter  Lewis, 
Dixon,  William  Quinlan,  ^ 
Dresser,  Allen  Lucius,  i 
Elliott,  James  Alexander, 

Emery,  George  Edward, 
Epps,  Martha  Belle  Scott, 
Fenton,  John  Michael,  '■ 
Fernald,  Leland  Hoyt,  . 
Flint,  Ruth  Guild, ' 
Frost,  Sherman  Clark, ' 
Frost,  Willard  Chamberlain,  > 
Gadsby,  James  Herbert,  >• 
Garretson,  Alfred  Corwin,  i 
Gay,  Alfred  FuUick, 
Geiger,  Aim^e  Suzanne, 
Gifford,  Richard  Smith, 
Goldsmith,  Eliot  Gray, 
Grieve,  Alexander  Watson,  i 
Gryzwacz,  Patrick  Louis,  i 
Haskell,  Malcolm  Rawson, 
Hayden,  Luther  Leonard,  Jr. 
Hayes,  William  Bointon,  i 
Hill,  Carroll  Victor,  i      . 
Holteen,  John  Gunnar, 
Holway,  Clarence  Waren,  i 
Hubbard,  Doris,  i 
Isaac,  Carl  Frederick,  i 
Kane,  Edward  Anthony, 
Kennedy,  Lowell  Francis,  ^ 
Kilbourn,  James  Sheldon,  i 
King,  Rosewell  Howard, 
Kopleman,  Barry,  i 
Lamb,  Eric  Franklin,     . 
Lane,  Wilfred  Craig, 
Leland,  Allen  Sanford,  . 
Loring,  Kenneth  Stock  well. 


Class  op  1924  (Sophomores). 

.  Belgrad,  Serbia, 

.  Weehawken,  N.  J., 

.  Bloomfield,  N.  J., 

.  Quincy,     . 

.  Framingham, 

.  Westfield, 

.  Holyoke, 

.  Bradstreet, 

.  Westfield, 

.  Springfield, 

.  Worcester, 

.  New  York,  N.  Y., 

.  Charlestown,  N.  H. 

.  Rehoboth, 

.  Wayne,  Me., 

.  Shelburne, 

.  Cambridge, 

.  Brockton, 

.  Amherst, 

.  Boston,     . 

.  Oxford,     . 

.  Harford,  Pa., 

.  Leominster, 

.  Summit,  N.  J., 

.  Marlborough, 

.  Wilbraham, 

.  Amherst, 

.  Boston,     . 

.  Allston,     . 

.  West  Somerville, 

.  Milford,    . 

.  North  Adams, 

.  Bound  Brook,  N.  J. 

.  Groton,    . 

.  Pepperell, 

.  South  Westport, 

.  Chestnut  Hill, 

.  Dorchester, 

.  Ware, 

.  Amherst, 

.  Brookville, 

.  South  Deerfield, 

.  Worcester, 

.  Quincy,     . 

.  Holden,    . 

.  Newton,  . 

.  Brighton, 

.  Westfield, 

.  Cambridge, 

.  Cambridge, 

.  Millville, 

.  Salem, 

.  Waban,    . 

.  Fitchburg, 

.  East  Bridgewater, 

.  Melrose  Highlands, 


Abigail  Adams  House. 
73  Pleasant  Street. 
Phi  Sigma  Kappa. 
Lambda  Chi  Alpha. 
Kappa  Gamma  Phi. 
Sigma  Phi  Epsilon. 
Lambda  Chi  Alpha. 
Kappa  Sigma. 
Sigma  Phi  Epsilon. 
Alpha  Sigma  Phi. 
Q.  T.  V. 

Phi  Sigma  Kappa. 
83  Pleasant  Street. 
Alpha  Sigma  Phi. 
Phi  Sigma  Kappa. 
Theta  Chi. 
Q.  T.  V. 
11  South  College. 

30  Lincoln  Avenue. 
81  Pleasant  Street. 
Theta  Chi. 

44  Triangle  Street. 
Q.  T.  V. 

Care  of  Mr.   Geo.  Cooley, 
Sunderland. 

31  East  Pleasant  Street. 
Abigail  Adams  House. 
108  Pleasant  Street. 

11  South  College. 

Abigail  Adams  House. 

Sigma  Phi  Epsilon. 

Theta  Chi. 

36  North  Prospect  Street. 

Phi  Sigma  Kappa. 

120  Pleasant  Street. 

Abigail  Adams  House. 

Sigma  Phi  Epsilon. 

Kappa  Sigma. 

Alpha  Gamma  Rho. 

The  Davenport. 

27  Main  Street. 

13  Phillips  Street. 

73  Pleasant  Street. 

1  Allen  Street. 

Kappa  Gamma  Phi. 

Experiment  Station. 

Abigail  Adams  House. 

6  North  College. 

5  North  College. 

Q.  T.  V. 

Sigma  Phi  Epsilon. 

Alpha  Sigma  Phi. 

10  North  College. 

Theta  Chi. 

Kappa  Gamma  Phi. 

40  Sunset  Avenue. 

Lambda  Chi  Alpha. 


1  Work  incomplete. 
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MacAfee,  Norman  Hoar,  i 
Marlowe,  George  Alexander,  i 

Miller,  Edwin  Clark,  i    . 

Morris,  Walter  Markley,  i 
Myrick,  Sterling, 
Nelson,  Carl  Olaf, 
Nicoll,  Arthur  Chester,  i 
Noyes,  Russell, '   . 
Nutting,  Raymond  Edwin,  i 
Pearson,  John  Cleary, ' 
Percival,  Gordon  Pittinger, 
Pierce,  Arthur  Edwin,  i 
Poey,  Frederick,  2 
Porges,  Nandor,    . 
Pratt,  Wallace  Francis, 
Read,  John  Gammons, 
Regan,  Leon  Ashley,  3    . 
Reynolds,  Joseph  Sagar, 
Rhodes,  Winthrop  Gordon,  1 
Ricker,  Chester  Sewall, 
Roeder,  Frank  Richason,  1 
Rowell,  Elwyn  Joseph,  1 
Rowell,  Winston  Hale,  1 
Salman,  Kenneth  Allen, 
Schaffer,  Carlton  Hill,  1 
Sellers,  Wendell  Folsom, 
Shepard,  Harold  Henry,  2 
Sherman,  Willis  Whitney,  1 
Sims,  Kenneth  Wallace,  1 
Slack,  Marion  Florence,  1 
Smith,  Richard  Burr,     . 
Smith,  Vera  Irene, 
Staebner,  Alfred  Porter, 
Steele,  Charles  Wasser, 
Steere,  Robert  Ernest,  . 
Stevenson,  Harold  Dudley, 
Tarplin,  Allan  Sebastian,  1 
Tewhill,  Charles  James,  1 
Thompson,  Alice  Elizabeth,  1 
Thornton,  Clarence  Percy, 
Tileston,  Roger  Gordon,  1 
Tobey,  Charles  Sylvester,  1 
Turner,  Dana  Burwell,  2 
Varnum,  Thomas,  Jr.,    . 
Walker,  Judson  Newcombe, 
Waugh,  Albert  Edmund, 
Weatherwax,  Howard  Erie, 
White,  Samuel  Henry,   . 
Whitman,  Chester  Edgerly, 
Whitney,  Richard  Augustine, 
Whitney,  Will  Alvah,     . 
Williams,  James  Lowell, 
Wilson,  Albert  Arthur, 

Witt,  Earl  Maynard,  1    . 
Wood,  Ruth  Millicent, 
Wood,  William  Wilson, 
Woodworth,  Robert  Hugo, 


Somerville, 
Northampton, 

Northampton, 

Amherst, 

Longmeadow, 

Gloucester, 

Quincy,     . 

Newtonville, 

Fitchburg, 

Cambridge, 

Medfield, 

Newton,   . 

Havana,  Cuba, 

Hyde  Park, 

Rockland, 

Springfield, 

Walpole,  . 

Attleboro, 

Waban,    . 

Worcester, 

Turners  Falls, 

Amherst, 

Hudson,   . 

Needham, 

Ashfield,  . 

Melrose,  . 

South  Royalston, 

Boston,     . 

South  Boston, 

Allston,    . 

Greenfield, 

Amherst, 

Willimantic,  Conn 

Marblehead, 

Chepachet,  R. 

Camden,  Me., 

Brookline, 

Florence, 

Amherst, 

Amherst, 

Sharon,     . 

Belmont, 

Chester,   . 

Lowell, 

Marlborough,  N 

Amherst, 

Greenfield, 

Orange,    . 

Uxbridge, 

Brooldyn,  N.  Y 

Taunton, 

Sunderland, 

Dorchester, 

Belchertown, 
North  Andover, 
Barre  Plains, 
Newton,  . 


H. 


.  Alpha  Gamma  Rho. 

.  1    Aldrich    Street,    North- 
ampton. 

.  354  Bridge  Street,   North- 
ampton. 
116  Pleasant  Street. 

.  16  South  College. 

.  Alpha  Gamma  Rho. 

.  Lambda  Chi  Alpha. 

.  Theta  Chi. 

.  Kappa  Gamma  Phi. 

.  116  Pleasant  Street. 

.  6  North  College. 

.  51  Amity  Street. 

.  Alpha  Sigma  Phi. 

.  13  South  College. 

.  4  Nutting  Avenue. 

.  73  Pleasant  Street. 

.  6  North  College. 

.  Experiment  Station. 

.  Theta  Chi. 

.  Alpha  Sigma  Phi. 

.  Farm  House. 

.  44  Triangle  Street. 

.  44  Triangle  Street. 

.  Lambda  Chi  Alpha. 

.  17  North  College. 

.  Alpha  Gamma  Rho. 

.  Physics  Building. 

.  West  Experiment  Station^ 

.  Alpha  Gamma  Rho. 

.  Abigail  Adams  House. 

.  Phi  Sigma  Kappa. 

.  Abigail  Adams  House. 
Kappa  Sigma. 

.  11  South  College. 

.  103  Pleasant  Street. 

.  Alpha  Gamma  Rho. 

.  14  South  College. 

.  Farm  House. 

.  Mount  Pleasant. 

.  R.  F.  D.  2. 

.  3  Nutting  Avenue. 

.  Phi  Sigma  Kappa. 

.  Kappa  Gamma  Phi. 

.  Phi  Sigma  Kappa. 

.  30  North  Prospect  Street. 

.  Stockbridge  Road. 

.  Theta  Chi. 

.  Lambda  Chi  Alpha.    • 

.  Phi  Sigma  Kappa. 

.  Kappa  Sigma. 

.  7  North  College. 

.  Q.  T.  V. 

.  Care  of  Mr.  Green,  Mount 
Pleasant. 

.  20  South  College. 

.  Abigail  Adams  House. 

.  51  Amity  Street. 

.  Phi  Sigma  Kappa. 


1  Work  incomplete. 

2  Admitted  on  probation. 

3  Special  sophomore. 
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Class  of  1925  (Fbeshmen). 


Adams,  Kathleen  Poland,  i 

.     Worcester, 

Aldrich,  George  Sidney,  i 

.     Millville, 

Allen,  Edgar  Webber,  i 

.     Medfield, 

Anderson,  Leslie  Clayton, 

.     East  Bridgewater, 

Anthony,  Paul  Leslie,  i 

.     Saugus,     . 

Armstrong,  Bradford,     . 

.     Kensington,  Md., 

Barker,  John  Stuart, 

.     West  Bridgewater, 

Barnes,  Adrian  Douglas, ' 

.     South  Weymouth, 

Batal,  James, 

.     Lawrence, 

Benoit,  Helen  Anna, 

.     Amherst, 

Bilske,  Francis  Paul,  ^    . 

.     Hadley,    . 

Binner,  Roger  Stokehill,  2 

.     Maiden,    . 

Blanchard,  Norman  Harris,  1 

.     Pittsfield, 

Blass,  Louis,  Jr.,   . 

.     Boston,     . 

Braun,  Carl  Frederic,     . 

.     Montague  City, 

Bray,  Ralph  Hastings,  . 

.     Framingham,     . 

Burhoe,  Sumner  Othniel, 

.     Ashland,  . 

Burt,  Orin  Clark,  Jr.,     . 

.     Easthampton,   . 

Cady,  Harold  Alden, 

.     Worthington,     . 

Cahill,  Carl  Winfield, '  . 

.     Newburyport,   . 

Case,  Gilbert  Eugene,    . 

.     Greenwich, 

Casey,  Alice  Rita,  1 

.     Fall  River, 

Cassano,  Joseph,  ^ 

.     Groveland, 

Church,  George  Lyle,     . 

.     Dorchester, 

Cleaves,  Leighton  Greenwood 

,          .     Gardner, 

Connors,  Daniel  Francis, 

.     Dalton,     . 

Cook,  Peter, » 

.     East  Bridgewater, 

Cooke,  Robert  Gordon,  1 

.     Richmond, 

Corwin,  Emil  Joseph,     . 

.     East  Boston, 

Craig,  Kenneth  Reeves,  1 

.     Jamaica  Plain, 

Crosby,  John  Samuel,    . 

.     Arlington, 

Currier,  Leland  Little,  . 

.     Marblehead, 

Cutler,  Walter  Leon, '    . 

.     Springfield,  Vt., 

Davis,  Osborne  Ozro,     . 

.     Belchertown,     . 

Dean,  Lecil  Wallace, 

.     Jacksonville,  Fla., 

Dermon,  Elise  Gibson,  1 

.     Framingham,     . 

DeVito,  Dorninick,  '- 

.     Philadelphia,  Pa., 

Drake,  Dorothy  Madeline, ' 

.     North  Lexington, 

Duffy,  Leo  Francis,  2 

.     Palmer,     . 

Eldredge,  Stuart, 

.     Winchester, 

Erickson,  Emil  Leonard, 

.     Littleton, 

Farrington,  Linwood  Henry,  1 

.     Chelmsford, 

Fifield,  O-Sgood  Emerson,  Jr., 

.     Springfield, 

Fish,  Donald  Otis,  1 

.     Amherst, 

Flexer,  Carl  Seler, 

.     Allentown,  Pa., 

Fuller,  Henry  Elliot,      . 

.     Melrose,   . 

Gahan,  Laurence  Keith,  1 

.     Amherst, 

Galbraith,  Leo  Lake, 

.     South  Hadley,  . 

Gannon,  William  James,  i 

.     Arlington, 

Gilbert,  Chauncey  McLean,  2 

.     North  Amherst, 

Gleason,  Harold  Albert, 

.     Chester,    . 

Ghdden,  Wallace  Newell,  ^ 

.     Barre, 

Goldstein,  Sebastian  Abrahan 

n,  1      .     Brockton, 

Gordon,  Solomon, 

.     Boston,     . 

Grout,  Helen  Myra,  i     . 

.     Gill, 

Abigail  Adams  House. 

56  Pleasant  Street. 

18  Nutting  Avenue. 

Farm  House. 

Care  of  Mr.  Hoyt,  Pleasant 

Street. 
Q.  T.  V. 

Lambda  Chi  Alpha. 
83  Pleasant  Street. 
18  Nutting  Avenue. 
16  Belchertown  Road. 
The  Davenport. 

29  Northampton  Road. 
83  Pleasant  Street. 
Kappa  Gamma  Phi. 
Farm  House. 

7  Phillips  Street. 
21  Fearing  Street. 
10  South  College. 
9  Phillips  Street. 
6  Nutting  Avenue. 

30  North  Prospect  Street. 
Abigail  Adams  House. 

6  Boltwood  Avenue. 
13  Phillips  Street. 

9  Phillips  Street. 

7  PhiUips  Street. 
13  North  College. 

5  Tillson  Court. 

73  Pleasant  Street. 

35  East  Pleasant  Street. 

16  North  College. 
3  .411en  Street. 

35  East  Pleasant  Street. 

Belchertown. 

66  Pleasant  Street. 

Aljigail  Adams  House. 

17  PhilUps  Street. 
Abigail  Adams  House. 
120  Pleasant  Street. 

6  Nutting  Avenue. 
44  McCIellan  Street. 
13  Philhps  Street. 

74  Main  Street. 
12  Hallock  Street. 
81  Pleasant  Street. 
15  Hallock  Street. 
East  Pleasant  Street. 
120  Pleasant  Street. 

35  North  Prospect  Street. 

Meadow  Street. 

Care  of  Mr.  Hoyt,  Pleasant 

Street. 
23  East  Pleasant  Street. 
70  Lincoln  Avenue. 
56  Pleasant  Street. 
3  Hallock  Street. 


1  Work  incomplete. 

-  Admitted  on  probation.     Entrance  record  not  complete. 

'  Special  freshman. 
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Grover,  Walter  Champion, 
Guild,  Everett  Joseph,  . 
Guterman,  Carl  Edward  Frederick, 
Haeussler,  Gilbert  Julius, 
Hale,  Laurence  Newton, 
Hanscomb,  George  Wilmont, 
Haworth,  George  Goodman, 
Heald,  Theodore  Boyd,  i 
Hobbs,  Roger  Williams, 
Holbrook,  Lester  Morse, 
Hurley,  Everett  Henry, 
Hutchins,  Maurice  Cressey, 
Hyde,  John  Worthington, 
Icaza,  Florencio,    . 
Ingraham,  Edward  Forster, 
Jack,  Melvin  Clifton,     . 
Jack,  Ronald  Augustus,  ■■ 
Jones,  Wendell  Albert,  . 
Jonsberg,  Henry  Francis, 
Kafafian,  Petros  Sarkis,  ^ 
Kakavas,  James  Christo,  * 
Keith,  Lewis  Hayden,    . 
Kelso,  George,  ^     . 
Kingsbury,  Amos  Clark, ' 
Kingston,  Robert  Lawrence, 

Knowles,  George  Artemas, 
Langenbacher,  Robert  Frederick, 
Lavallee,  Louis  Palmer,  i 
Lewis,  Donald  Walter,  . 
Logan,  Hazel  Wayne,  ^ 
Lord,  John  Frederic, 
Loud,  Emery  Shaw, 
Love,  Andrew  Wyllio,    . 
Lovell,  Hollis  Reed,  i      . 
Lunt,  Samuel  Wilde, 
Macaulay,  Donald  Francis,  i 
Mahoney,  Walter  Francis,  i 

Malley,  Frank  Harold,  ^ 
Marx,  Herbert  John, 
McGeoch,  Charles  Ryerson, 
McGrath,  Thomas  Edmund, ' 
Meserve,  George  Donald, 
Miller,  Paul,  i        .  . 

Mouradian,  Garabed  Kevork, 
Moxon,  David,  2d, 
Needham,  Basil  Arthur,  i 
Nelson,  Paul  Redfield,  . 
Nichols,  Helen  Louise,  ^ 
Nolte,  Whitney  Roberts,  2 
Nylen,  John  Herbert,  ^  . 
O'Connor,  Arthur  Maxwell, ' 
Oliver,  Charles  Frank,  Jr., 
Orentlickerman,  Elsa  Rebecca, 
Parker,  Donald  Llewellyn, 
Parsons,  James  Gilbert, 
Pearman,  Marguerite  Gertrude, 
Peckham,  Carlisle  Houghton, 
Peirce,  Veasey, 
Peltier,  Xavier  Paul, '    . 
Post,  Frank,  2         .  .  . 


Bernardston, 

Melrose  Highlands, 

Springfield, 

Springfield, 

South  Glastonbury,  Conn. 

Boston,     . 

Dalton,     . 

Amherst, 

Fitchburg, 

New  Bedford,    . 

Northampton,  . 

Aubiirndale, 

Amherst, 

Panama,  R.  P., 

Millis,       . 

Amherst, 

Amherst, 

Roslindale, 

Hyannis, 

Armenia, 

Lowell, 

Bridgewater, 

Reading, 

Medfield, 

Boston,     . 

Everett,   . 
Weehawken,  N.  J., 
Worcester, 
Stow, 
Brockton, 
Methuen, 
Rockland, 
Auburn,    . 
Falmouth, 
Falmouth,  Me., 
Beverly,   . 
Millville, 

Boston,     . 

Holyoke, 

Providence,  R.  I., 

Holyoke, 

Hudson,    . 

Springfield, 

Bridgewater,     . 

Holyoke, 

Taunton, 

Holyoke, 

Northampton,  . 

Weston,    . 

East  Boston, 

Amherst, 

Brockton, 

Springfield, 

North  Adams,  . 

Melrose  Highlands, 

Boston,     . 

Melrose  Highlands, 

Dorchester, 

Spencer,   . 

Cambridge, 


9  Phillips  Street. 
16  North  College. 
53  Lincoln  Avenue. 
73  Pleasant  Street. 
83  Pleasant  Street. 

31  North  Prospect  Street. 
7  Phillips  Street. 
73  Northampton  Road. 
101  Pleasant  Street. 

29  North  Prospect  Street. 
31  East  Pleasant  Street. 

30  North  Prospect  Street. 
55  Pleasant  Street. 

10  Hallock  Street. 

31  East  Pleasant  Street. 
16  Hallock  Street. 

16  Hallock  Street. 

6  Nutting  Avenue. 
37  Cottage  Street. 
North  College. 

9  Fearing  Street. 
53  Lincoln  Avenue. 

7  Nutting  Avenue. 

17  Phillips  Street. 

Care     of     Mr.      Everson, 
Pleasant  Street. 

29  Lincoln  Avenue. 
73  Pleasant  Street. 
5  Nutting  Avenue. 

10  South  College. 
Abigail  Adams  House. 

83  Pleasant  Street. 
53  Lincoln  Avenue. 

23  East  Pleasant  Street. 

30  North  Prospect  Street. 

3  Allen  Street. 
The  Davenport. 

Care  of  Mrs.  Henry  Adams, 
North  Amherst. 

13  North  College. 

4  Nutting  Avenue. 
120  Pleasant  Street. 
66  Pleasant  Street. 
44  Triangle  Street. 
120  Pleasant  Street. 
53  Lincoln  Avenue. 

4  Nutting  Avenue. 
17  Phillips  Street. 

84  Pleasant  Street. 
Abigail  Adams  House. 
27  Fearing  Street. 

73  Pleasant  Street. 

One  Acre,  Mount  Pleasant. 

14  North  College. 
Abigail  Adams  House. 
35  East  Pleasant  Street. 
Baker  Place. 

Abigail  Adams  House. 
9  Phillips  Street. 

5  Farview  Way. 

7  Nutting  Avenue. 
120  Pleasant  Street. 


1  Work  incomplete. 

2  Admitted  on  probation.    Entrance  record  not  complete. 
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Raffa,  John  Elias, 
Righter,  Edwin  Menzo, 
Root,  Frank  Edson, 
Ross,  Charles  Frederick, 
Ross,  Donald  Ernest,     . 
Rowley,  Harold  Frederick,  i 
Russell,  May  Elizabeth, 
Ryan,  Charles  William,  i 
Sagermaster,  James,  -     . 
Salmon,  Isaac  Chenery, 
Samuels,  Samuel  Bernhard, 
Sazama,  Robert  Francis, 

Seaver,  Russell  Bradford, 
Sheldon,  Herbert  Carl, 
Sheridan,  Irwin  Scott,  i 

Shumway,  George  Francis, 
Simmons,  Carl  Lafayette, 
Simpson,  Gilbert, 
Sinclair,  Alma  Bernice,  2 
Slade,  Weslej-  Leland,    . 
Slowen,  William  Arnold, 
Smith,  Emily  Greenwood, 
Snow,  Helen, ' 
Sprague,  Dudley  de  Rochemont, 
Staniford,  Duncan  Mooar,  1 
Stephan,  Edith  Helen,  . 
Stone,  George  Leroy, 
Strong,  Homer  Bicknell, 
Sullivan,  Donald  Clifford, 
Taube,  Gustave,  1 
Taylor,  Milton  Wight,  . 
Templeton,  Robert  James, 
Thompson,  George  Howard,- 
Tufts,  Robert  Warner,  . 
Tuttle,  Vernon  Bradford, 
Waite,  Walter  Eugene,  1 
Walsh,  Phillip  Baker,  >  . 
Ward,  Gordon  Hugh,     . 
White,  Earl  Martin,  1     . 
Whittum,  Walter  Willard, 
Wilcox,  Stanley  Dewey,  1 
Wilder,  Frank  Harris,    . 
Williams,  Donald  Reed,  1 
Wolfe,  Arlie  Frederick, 
Woodbury,  Samuel  Lawrence, 
Zinn,  Arnold  Stanhope, 
Zwisler,  Frederick  Fisher, ' 


Hatfield,  . 
Altamont,  N.  Y., 
Bernardston, 
Lee, 
Berlin, 
Wareham, 
Jamaica  Plain, 
Hatfield,  . 
Boston,     . 
Turners  Falls, 
Bronx,  N.  Y., 
Northampton, 

East  Bridgewater, 

Cliftondale, 

Mansfield, 


Monson, 

Duxbury, 

Holyoke, 

Holyoke, 

Chelsea, 

Shelburne  Falls, 

Lee, 

Arlington, 

Melrose,  . 

Reading, 

Lawrence, 

Montello, 

Dalton,     . 

Amherst, 

New  York,  N, 

Chatham, 

Boston,     . 

Worcester, 

North  Weymouth 

Warren,    . 

PeekskiU,  N.  Y 

Amherst, 

Englewood,  N. 

Abington, 

Springfield, 

Springfield, 

Sterling,   . 

Northfield, 

Columbia  City, 

Springfield, 

New  York,  N.  Y 

Holyoke, 


Y., 


Ind. 


35  East  Pleasant  Street. 
3  Allen  Street. 
Alpha  Gamma  Rho. 
3  McClellan  Street. 
35  Woodside  Avenue. 
15  Hallock  Street. 
Abigail  Adams  House. 
35  East  Pleasant  Street. 
56  Pleasant  Street. 

5  Farview  Way. 
17  Phillips  Street. 

19  Arlington  Street,  North- 
ampton. 

Farm  House. 

29  North  Prospect  Street. 

Care  of  Mr.  Green,  Mount 
Pleasant. 

21  Fearing  Street. 

IS  Nutting  Avenue. 

53  Lincoln  Avenue. 

Abigail  Adams  House. 

6  Nutting  Avenue. 
3  Nutting  Avenue. 
Abigail  Adams  House. 
Abigail  Adams  House. 
66  Pleasant  Street. 

7  Nutting  Avenue. 
Abigail  Adams  House. 
Clark  Hall. 

13  Phillips  Street. 
25  Gray  Street. 
17  Phillips  Street. 

31  East  Pleasant  Street. 

8  North  College. 
108  Pleasant  Street. 
North  Amherst. 

84  Pleasant  Street. 

14  North  College. 

35  East  Pleasant  Street. 
Farm  House. 
23  East  Pleasant  Street. 
3  McClellan  Street. 
3  McClellan  Street. 
3  Nutting  Avenue. 
116  Pleasant  Street. 
North  Amherst. 
75  Pleasant  Street. 
83  Pleasant  Street. 

15  Nutting  Avenue. 


Anderson,  Verner  Sixten, 
Boles,  Leila  Emily, 
Brennan,  Joseph  Edward, 
Delaney,  Rose  Margaret, 
Foley,  Mary  Joanna, 
French,  Ernest  Jerome, 

Hescock,  Robert  Eddy, 
Kaiser,  Armin  Jacob,     . 


Special  Students. 

Hartford,  Conn 

Dorchester, 

IMillville, 

Holyoke, 

Worcester, 

Lawrence, 

West  Brattleboro,  Vt 
Evansville,  Ind., 


35  North  Prospect  Street. 

Abigail  Adams  House. 

S  Allen  Street. 

Draper  Hall. 

Abigail  Adams  House. 

Care  of  Mr.  Sheffield,  North 

Amherst. 
M.  A.  C.  Bungalow. 
120  Pleasant  Street. 


1  Work  incomplete. 

2  Admitted  on  probation.    Entrance  record  not  complete. 
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Lane,  Russell  Montgomery, 
Loring,  Frank  Sumner,  Jr., 
McCoy,  Arthur  Middleton, 
Perry,  John  Tuttle, 

Wiklund,  Carl  John,      . 


Riverhead,  N.  Y., 
Gloucester, 
Washington,  D.  C. 
"Waltham, 

Norfolk,   . 


120  Pleasant  Street. 
35  North  Prospect  Street. 
Eames  Street. 
33  Park  Street,  Northamp- 
ton. 
4  North  College. 


Registered  after  the  Catalogue  for  1920  was  published. 


Bibber,  Ann  P., 
Case,  Brayton  Clarke, 
Davidson,  Margaret  Gordon, 
Elder,  Jeannette  Margaret, 
Grant,  Mary  A., 
Lucas,  John  Paul, 
McFarland,  Alice, 
Mott,  Mary  E., 
Pellis,  Abraham, 
Pagliaro,  Frank  Mary,  Jr., 


New  Bedford. 
Burma. 

Amherst. 
Amherst. 
Albany,  N.  Y. 
Brighton. 
Grants  Pass,  Ore. 
Portland,  Me. 
Chelsea. 
Springfield. 


GEOGR-A.PHICAL    SuMMAKT. 

Massachusetts,  .  .  .  .  .  .  .  .  .         •.  .  .  .     456 

New  York, 14 

Connecticut,    .  .  .  .  .  .  .  .  .  .  .  .  .  .11 

New  Jersey,     ..............         9 

7 


Maine,    . 

Rhode  Island, 

Vermont, 

Pennsylvania, 

Indiana, 

District  of  Columbia, 

Georgia, 

Maryland, 

Minnesota, 

New  Hampshire, 

Ohio,       .  . 

Florida,  . 

Illinois,   . 

■South  Dakota, 

Texas,     . 

Canada, 

■Cuba, 

Panama, 

Armenia, 

China,     . 

India,      .  ' 

Serbia,     . 

Asia  Minor, 


Total, 


546 


Summary  by  Classes. 

Class. 

Men. 

Women. 

Total. 

Graduate  school, 

Senior  class,  1922, 

Junior  class,  1923, 

Sophomore  class,  1924, 

Freshman  class,  1925, 

Special, 

53 
91 
93 
104 
147 
10 

8 
5 
8 
9 

15 
3 

61 
96 
101 
113 
162 
13 

Totals,           

498 

48 

546 
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Shoet  Course  Eneollment. 


Two-teak  Course  in  Agriculture  —  Graduates,  1921. 


Allen,  Chester  Carolton, 
Amsden,  Maude  Ella, 
Baird,  Francis  William, 
Baxter,  Samuel  Ballantine, 
Bennett,  William  Whytal, 
Bronsdon,  William  Abbott, 
IBrooker,  John  Patrick, 
Bruce,  Mary  Elizabeth, 
Bryant,  Frank  Kenneth, 
Burke,  Leslie  Joseph, 
Burnett,  Marston, 
Burnham,  Theodore  Shelley, 
Camp,  Emily  Blackstone, 
Carpenter,  Ruth, 
Carroll,  Margaret  Adelaide, 
Christensen,  Frank  William, 
Clark,  Chester  Frederic, 
Colton,  Hartman  Dudley, 
Corey,  Raymond  Stanley, 
Dill,  Clarence  Elmer, 
Dole,  Stevens  Field,   . 
DuFresne,  Francis  Armand 
Dunbar,  Charles  Basil, 
Fay,  Ula  Ferguson,    . 
Gallant,  Daniel  Joseph, 
Girard,  Albert  John, 
Graumann,  Lewis  Matthew, 
Grifi&n,  Artemas  Gage, 
Hall,  Helen,       . 
Hamilton,  Grant  Ethan, 
Hancock,  Russell  Hagen, 
Hartling,  Wilfred  Lewis, 
Hartwell,  Robert  Mantor, 
Haskell,  Wilder  Alexander, 
Heinlein,  Edward  Bancroft, 
Hoyt,  Perley  Luther, 
Huntley,  Robert  Ernest, 
Jacques,  John  William, 
Jauncey,  Oakleigh  Wells, 
Judge,  Clarence  Peter, 
Kallio,  Toivo  Matthew, 
Kimball,  Howard  Augustus 
Knight,  Henry  Elbridge, 
Lawrence,  Harold  Tildon, 
Lawton,  Edgar  Lewis, 
Libby,  Ben  Frank,      . 
Libby,  Carl  Estes, 
Lincoln,  Leon  Patterson, 
Lord,  George  Walker, 
Lounsbury,  Francis  Edward, 


West  Rutland. 

Petersham. 

Waltham. 

Tenafiy,  N.  J. 

Arlington. 

Baldwinville. 

Roxbury. 

Dorchester. 

Lowell. 

Medford. 

Cambridge. 

Essex. 

Norwich,  Conn. 

Hudson. 

Dorchester. 

North  Easton. 

Fitchburg. 

Springfield. 

Amherst. 

Raynham  Centre. 

Greenfield. 

Lenox. 

Taunton. 

East  Orange,  N.  J. 

Gloucester. 

East  Brimfield. 

Roxbury. 

Westford. 

Milton. 

Cyrus. 

Tisbury. 

West  Quoddy,  N.  S. 

Buckland. 

South  Hadley  Falls. 

South  Natick. 

Perkinsville,  Vt. 

West  Somerville. 

Maiden. 

Williamstown. 

Raynham. 

Middlefield. 

Littleton. 

Easton,  Me. 

Rhodesia,  South  Africa. 

Brattleboro,  Vt. 

Springfield. 

Springfield. 

Barre. 

Framingham. 

Cambridge. 
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MacLeod,  Norman  Frederick,      .......  Lynn. 

Magoon,  Austin  William,    ........  Greensboro  Bend,  Vt. 

Morse,  Harold  Sterling,       ........  Arlington. 

Mullen,  Frank  Myles,  ........  Fayville. 

Newell,  Joseph  Delaplane,  .......  Brooklyn,  N.  Y. 

Nowers,  Rodman  Clark,      ........  Danvers. 

O'Brien,  Katherine  Frances,         .  .  .  .  .  .  .  Lawrence. 

Owens,  Zorayda  Kathleen,  .......  Haverhill. 

Pellis,  Abraham,         .........  Chelsea. 

Pickard,  Herbert  Peirce,     ........  Concord  Junction. 

Priest,  Atwood  "Wheeler,     ........  North  Vassalboro,  Me. 

Purdy,  Donald  Ring,  ........  Waverlsy. 

Quinn,  William  Robert,       ........  Natick. 

Richards,  Osgood  Samuel,  ........  Jamaica  Plain. 

Rodwaye,  George  Wildemere,      .......  Roslindale. 

Root,  Howard  Chapin,        .  .  .  .  .  .         '.  .  Colrain. 

Russell,  Paul  Belford, West  Medway. 

Shaw,  Charles  Dudley,        ........  Westfield. 

Shaw,  Walter  Bruce,  ........  Sutton. 

Smith,  Raymond  Leslie,      ........  East  Hartford,  Conn. 

Smith,  Sidney  Alexander,    ........  Worcester. 

Snelling,  Samuel  William,   ........  Lincoln. 

Spooner,  William  Danforth,  .......  Brimfield. 

Spring,  Earle  Nelson,  .  .  .  .  .  .  .  .  Millers  Falls. 

Steele,  Gordon  Ells,   ........  Wax'erley. 

Talbot,  William  Joseph,      ........  Amherst. 

Taylor,  Arthur  Raymond,  ........  Framingham. 

Thorn,  Henry  Holton,  ........  Deerfield. 

Trafton,  Walter  Richard,    ........  Swampscott. 

Vartanian,  Neshan,  ........  Indian  Orchard. 

Veselak,  Helen  Clara,  ........  Westfield. 

Waterman,  Harry  Lester,   ........  South  Thomaston,  Me. 

Watson,  Alan  Wendell,        ........  Providence,  R.  I. 

White,  Alice  Louise,  .........  Bristol,  Conn. 

White,  Ralph  Harold Barnard,  Vt. 

Wiggin,  Theron  Herman,    ........  Norwood. 

Wilson,  Harvey  William,     .  .  .  .  .  .  .  .  Boston. 

Young,  George  Thomas,      ........  Wilkinsonville. 


Vocational  Poultry  Couhse  —  Ghaduates,  1921. 


Ashforth,  Arthur  Clifton,    . 
Bartholomew,  Francis  Michael, 
Brown,  Joseph  Harry, 
Corcoran,  James  Joseph, 
D'Amelio,  George, 
Donovan,  Albert  Peter, 
Fournier,  Arthur, 
Hulcup,  William, 
King,  Robert  Ferris, 


Brockton. 

Amherst. 

Killingly, 

Boston. 

Milford. 

Canada. 

Hawley. 

Amherst. 

Amherst. 


Conn. 


Adair,  Eldred,  . 

Adams,  John,     . 

Arp,  Richard  Dietrich, 

Axtman,  John  Louis, 

Balmayne,  James, 

Bard,  John, 

Barney,  Ernest  Wellman, 

Bartholomew,  Francis  Michael, 

Beaulieu,  Frederick  Armond, 


Two-year  Course,  1921-22. 

Second  Year. 

.     Roslindale, 
.     Cambridge, 
.     North  Amherst, 
.     Chestnut  Hill,  . 
.     East  Milton,     . 
.     Amherst, 
.     Amherst, 

Amherst, 

North  Attleborough, 


18  Nutting  Avenue. 
18  Nutting  Avenue. 
North  Amherst. 
35  North  Prospect  Street. 
70  Lincoln  Avenue. 
41  Pleasant  Street. 
6  Boltwood  Avenue. 
6  South  East  Street. 
8  High  Street. 
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Belcher,  Edgar  Estes, 

Bell,  WiUiam  T.  A.,   . 
Benson,  John  Melvell, 
Betterley,  Guy  William, 
Boland,  vUbert  Moore, 
Breen,  Arthur  Joseph, 
Breivogel,  Henry  Adam, 
Bresnahan,  John  Francis, 
Brown,  Joseph  Harry, 
Brown,  Milton  Shumway, 
Cahill,  Paul  Bennett, 
Campbell,  Lewis  Harold, 
Carlson,  Oscar  Ernest, 
Carroll,  Charles  Raymond, 
Castillo,  Henry  Aristides, 
Castillo,  Joseph  A.,     . 
Chamberlain,  Bert  N., 
Clifford,  Lura  Marion, 
Cluff,  Victor  Newton, 
Condon,  Thomas  Casey, 
Considine,  Francis  Anthony, 
Cook,  Ralph  Walter, 
Crowell,  Elbridge  Hodgman, 
Cushman,  John  Kenneth, 
D'Amelio,  George  G., 
David,  James  Vernon, 
DeLano,  Wilbert  Kilbourn, 
Diebner,  Louis  Theodore, 
Donnellan,  Arthur  Lindsley, 
Dow,  Don  Cameron, 
Dunbar,  Albert  Jarvis, 
Dupre,  Norman  Charles, 

Erickson,  Karl  Henrick, 
Etzel,  George  Frank, 
Fazio,  Charles  Edward, 
Finnegan,  Andrew  Frederick 
Flagg,  Nolan  Randolph, 
Flaherty,  Martin  Robert, 
Fletcher,  Robert  Longard, 
Fournier,  Arthur, 


Galbraith,  Hermon  William, 
Galvin,  Daniel  Joseph, 
Gavett,  George  Billings, 
Geremonty,  Francis  Howard, 
Gokey,  Emery, 
Green,  George  Alex, 
Griffin,  Charles  Mathew,  Jr., 
Gustafson,  Gustaf  Albert,   . 
Hagan,  Patrick, 
Harrington,  William  John, 
Harrison,  Nicholas  Peter,    . 
Haskins,  Gerald  Everard,    . 
Headberg,  Axel  Edward,  Jr., 
Heald,  Edwin  Tracy, 
Hibbard,  Perley, 
Humphrey,  Laurence  Edmund, 
Hurd,  Merton  Bartlett, 
Jacomb,  Constance  Lucy,    . 
Jaeckle,  Matthew  Lawrence, 
Johnson,  Carl  Eugene, 
Jordan,  Llewellyn  Powers, 


East  Weymouth, 

South  Boston,   . 
Bar  Harbor,  Me., 
Brattleboro,  Vt 
Worcester, 
Granby,    . 
Amherst, 
Maiden,    . 
Killingly,  Conn 
Templeton, 
Waltham, 
Leominster, 
Sweden,    . 
Amherst, 
Troy,  N.  Y., 
Troy,  N.  Y., 
Hudson,   . 
Greenfield, 
Lowell, 
Medford, 
Watertown, 
Franklin, 
Boston,     . 
Springfield, 
Milford,    . 
Amherst, 
Richmond,  L.  I 
Amherst, 
Cobalt,  Conn., 
Keene,  N.  H., 
Saugus,     . 
Grafton,  . 

Somerville, 

Amherst, 

Springfield, 

Lowell, 

Worcester, 

Wamesit, 

Stow, 

Hawley,    . 


South  Hadley, 

South  Boston, 

Amherst, 

Stoneham, 

Rutland,  . 

Cambridge, 

Westford, 

Sweden,    . 

Cambridge, 

Rutland,  Vt., 

London,  Eng., 

Amherst, 

West  Somerville, 

Ashburnham, 

Dedham, 

Wareham, 

Spencer,   . 

Groton,     . 

Nantucket, 

Gloucester, 

Bar  Harbor,  Me 


N.  Y. 


Care  of  E.  F.  Gaskill,  Pleas- 
ant Street. 
101  Pleasant  Street. 
44  Pleasant  Street. 
108  Pleasant  Street. 
108  Pleasant  Street. 
27  Fearing  Street. 
R.  F.  D.,  Box  27. 
101  Pleasant  Street. 
1  Pease  Avenue. 
41  East  Pleasant  Street. 
35  East  Pleasant  Street. 
8  Allen  Street. 
66  Pleasant  Street. 
24  South  East  Street. 
Amherst,  Box  500. 
75  Pleasant  Street. 
15  Fearing  Street. 
Abigail  Adams  House. 
32  North  Prospect  Street. 

15  Fearing  Street. 
3  Nutting  Avenue. 

29  McClellan  Street. 
3  Pleasant  Street. 

17  Phillips  Street. 
1  Pease  Avenue. 

24  Belchertown  Road. 

32  North  Prospect  Street. 

East  Pleasant  Street. 

21  Amity  Street. 

8  Allen  Street. 

3  Nutting  Avenue. 

Care  of  H.  J.  Russell,  Cottage 
Street. 

70  Lincoln  Avenue. 

23  South  East  Street. 

75  Pleasant  Street. 

35  East  Pleasant  Street. 

3  McClure  Street. 

60  Lincoln  Avenue. 

70  Lincoln  Avenue. 

31  Hawley  Street,  Northamp- 
ton. 

120  Pleasant  Street. 

35  North  Prospect  Street. 

25  Gray  Street. 
101  Pleasant  Street. 

16  Nutting  Avenue. 

18  Nutting  Avenue. 
15  Hallock  Street. 

6  Phillips  Street.     , 

3  Nutting  Avenue. 

4  Orchard  Street. 

30  North  Prospect  Street. 
14  Amity  Street. 
Amherst  House. 

21  Fearing  Street. 
Stockbridge  Hall. 
3  McClellan  Street. 
East  Pleasant  Street. 
Abigail  Adams  House. 
40  Mount  Pleasant. 
Amherst  Tavern. 

17  Phillips  Street. 


218 


AGRICULTURAL  COLLEGE. 


[Jan. 


Kavanaugh,  John  Fordey, 
Keirstead,  Ralph  Ramsay, 
Keith,  George  Robert, 
Kesseli,  Howard  Maxwell, 
Knight,  Allen,  Jr.,      . 
Knightly,  George  Thomas, 
Knowles,  Frank  Plumby,    . 
Kohlrausch,  George  Edwin, 
Kruk,  John  Alexander, 
LaGarde,  Aldor  Lewis, 
Leavitt,  Dorothy  Wilmer,  . 
LeBallister,  Ralph  Hammond, 
LesCarbeau,  Arthur  Mitchel, 
MacKnight,  Harry  Murchie, 
Markham,  Albert  Gallitin, 
Martin,  Charles  J.,     . 
McKenna,  George  Earle,     . 
McLeod,  Herbert  Hugh,     . 
Mills,  Francis,  . 
Motyka,  John  Joseph, 
Nettleton,  Francis  Irving,  Jr., 
Norrington,  Henry,    . 
Norton,  Frances  Close, 
Olson,  Nils  Theodore, 
Packard,  Edward  Albert,    . 
Packard,  Marjory  Emma,  . 
Paquett,  Arthur  Leon, 
Parsons,  Howard  Joel, 
Powell,  Katharine  Leslie,    . 
Prescott,  William  H., 
Ramsdell,  Kenneth  Hammond, 
Rand,  Arden  Wilfred, 
Ravinski,  Albert  John, 
Raymond,  Matthew  George, 
Rhodes,  Charles  Ernest, 
Rhodes,  Paul  Griggs, 
Ripley,  David  Hamilton,    . 
Ritchie,  Harry  Ellsworth,    . 
Robinson,  George  Sutherland, 
Ross,  Ian  Hamilton,  . 
Roy,  Leon  Joseph, 
Russell,  Byron  Roberts, 
Sanford,  Paul  Reed,  . 
Sargent,  Edna  May,  . 
Sayles,  Arthur  Updike, 
Sherwood,  Joseph  Morgan, 
Slate,  Herbert  Taylor, 
Smith,  Willard  Stevenson, 
Standley,  Wallace, 

Stuart,  Frances  Elizabeth, 
Sullivan,  Joseph  Stephen,    . 
Sutton,  Carlton  Samuel, 
Thibault,  Arthur  Joseph,     . 
Thompson,  Burton  Elmer, 


Thouin,  Faina  Gladys, 
Tompkins,  Harry  Wilson, 
Tyzzer,  Gerald  Edwards, 
Unwin,  Edward, 
Vaber,  John  Edward, 
Wadman,  Loran  Wood, 
Watson,  Grant  Mack, 
Wells,  Alphonsus, 


Waltham, 

Worcester, 

West  Boylston, 

Worcester, 

St.  Johnsbury,  Vt., 

Amherst, 

Dorchester, 

Chelsea,   . 

South  Deerfield, 

Amherst, 

Whitman, 

Concord, 

Providence, 

Orange,    . 

Springfield, 

Worcester, 

Orange,    . 

North  Amherst, 

New  York,  N.  Y., 

Amherst, 

Shelton,  Conn., 

Amherst, 

Salisbury,  Conn., 

Dorchester, 

Dorchester, 

Ashfield,  . 

Maiden,   . 

Conway,  . 

Newton  Center, 

Holyoke, 

South  ville, 

Amherst, 

Amherst, 

Shutesbury, 

Amherst, 

East  Lynn, 

Blandford, 

Rutland,  Vt., 

Lynn, 

New  York,  N.  Y., 

Lawrence, 

Palmer,     . 

North  Adams, 

Chelmsford, 

Providence,  R. 

Huntington, 

Bernardston, 

Holden,    . 

Middleton, 

Bangor,  Me., 
Holyoke, 
Yarmouth  Port 
Lowell, 

West  Somerville, 

Easthampton,   . 

Newton  Upper  Falls, 

Wakefield, 

Amherst, 

Lee, 

Medford, 

Amherst, 

Brighton, 


L, 


Amherst  Tavern. 

58  Main  Street. 

North  Amherst,  R.  F.  D.  3. 

12  McClure  Street. 

29  East  Pleasant  Street. 

2  Clifton  Avenue. 
84  Pleasant  Street. 

3  McClellan  Street. 
South  Deerfield. 
Pelham  Road. 
Abigail  Adams  House. 

16  Amity  Street. 
Amherst,  R.  F.  D.  2. 

36  North  Prospect  Street. 
Kolony  Klub. 

15  Phillips  Street. 

36  North  Prospect  Street. 

North  Amherst. 

3  McClellan  Street. 

26  Cottage  Street. 

36  North  Prospect  Street. 

8  North  Prospect  Street. 

Abigail  Adams  House. 

17  Pleasant  Street. 
116  Pleasant  Street. 
Abigail  Adams  House. 

16  Nutting  Avenue. 
58  Main  Street. 
Abigail  Adams  House. 
The  Davenport. 
Amherst  House. 

12  Beston  Street. 

Chestnut  Street. 

Shutesbury. 

32  Amity  Street. 

East  Pleasant  Street. 

3  McClellan  Street. 

4  Orchard  Street. 
15  Fearing  Street. 
Kolony  Klub. 

15  Phillips  Street. 

30  North  Prospect  Street. 
Kolony  Klub. 

Abigail  Adams  House. 

17  Phillips  Street. 
Cowles  Lane. 

21  Fearing  Street. 

One  Acre,  Mount  Pleasant. 

Care  of  C.  F.  Hoyt,  Pleasant 
Street. 

Abigail  Adams  House. 

47  Pleasant  Street. 

Baker  Place. 

15  Phillips  Street. 

Care  of  G.  L.  Cooley,  Sunder- 
land. 

Abigail  Adams  House. 

44  High  Street. 

41  Lincoln  Avenue. 

26  Cottage  Street. 

North  Amherst. 

Amherst,  Box  517. 

Amherst,  R.  F.  D.  3,  Box  72. 

101  Pleasant  Street. 
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White,  Donald  Mitchell,     . 
Willett,  Frederick  William, 
Wilson,  Frank  Edward, 
Wilson,  Harold  Elton, 
Woodworth,  Ralph  Merrill, 
Worthley,  James  Everett,  . 


Brooklyn,  N.  Y., 
Lowell,     . 
Warren,    . 
Graniteville,  Vt., 
Rawley,    . 
Greenwood, 


58  Main  Street. 
Amherst  House. 
58  Main  Street. 
15  Phillips  Street. 
6  Nutting  Avenue. 
6  Nutting  Avenue. 


Adams,  Alton  Wales, 
Albee,  Frank  Smith, 
Aldrich,  Ernest  Adams,    .   . 
Allen,  Milton  Clifford, 
Ambrose,  Earl  Clifford, 
Armstrong,  John  Shepard, 
Austin,  Eunice  Marie, 
Bacon,  Harold  Northrup,    . 
Baker,  Arthur  Ruey, 
Baker,  Nyles  Anson, 
Bangs,  Walter  Albert, 
Barnicle,  Edward  Joseph,    . 
Barrett,  Avery  Herbert, 
Barrett,  David  Joseph, 
Beekman,  Warren  Amerman, 
Blake,  Roger  Clarence, 
Booth,  Sarah  Elizabeth, 
Boyce,  Charles  Philip, 
Brown,  Herbert  Ellsworth, 
Burrington,  Frederick  William, 
Carlson,  Carl  Albert, 
Carver,  Richard  Constance, 
Case,  Richard  Scofield, 
Chisholm,  Roy  Bedford, 
Colbert,  Murry  Zapp, 
Colburn,  Charles  Hildreth, 
Cox,  Henry  Jarus, 
Crandall,  Alfred  Arthur, 
Daw,  Elwyn  Hudson, 
Dawkins,  Albert  Eugene,    . 
Daysh,  George, 
DeNyse,  Arthur  William,    . 
Dickinson,  Charles  Augustus, 
Edminster,  Allen  W., 

Elliott,  William  James, 

Emerson,  Theodore  Waldo, 
Fairman,  Frederick  Donald, 
Feeney,  Charles  Joseph, 
Fisher,  William  Smith, 
Foster,  Henry  Cope, 
Frantz,  Ralph  W.,      . 
Galanie,  Demetrius  Lincoln, 
Gallagher,  James  Henry,  Jr., 
Gallison,  Winfield  Hancock, 
Gammon,  Walter  Elmer, 
Gibbons,  James  William,     . 
Gibbs,  Howard  Manning,  Jr., 
Graham,  Elliott  Charles,     . 
Grayson,  Donald  Dean, 

Griswold,  Ralph  Emerson, 
Harvey,  William  Moody,    . 
Hastings,  Edward  Henry,   . 


First  Year. 

Brattleboro,  Vt., 

Lee, 

Woonsocket,  R.  I., 

North  Dartmouth, 

Amherst, 

East  Sandwich, 

Fall  River, 

Wellfare  Island,  N.  Y 

Pleasantville,  N.  Y., 

Granby,   . 

Somerville, 

Waltham, 

Brattleboro,  Vt., 

Lee, 

Clover  Hill,  N.  J., 

East  Bridgewater, 

Springfield, 

Somerville, 

Shrewsbury, 

Heath, 

Beverly,  . 

Dwight,    . 

Winchester, 

Dorchester, 

Northampton,  . 

Westford, 

Melrose,  . 

Montpelier,  Vt., 

Woburn,  . 

West  Newbury, 

Amherst, 

Amherst, 

North  Amherst, 

Brooklyn,  N.  Y., 

Brookline, 

Chelmsford, 

Amherst, 

Cushman, 

North  Attleborough, 

Centerville,  R.  I., 

St.  Clair,  Pa.,    . 

Marlborough,    . 

Revere,    . 

Amherst, 

Worcester, 

Boston,     . 

New  Bedford,    . 

Suffield,  Conn., 

South  Milford, 

Springfield, 

Waltham, 

Worcester, 


.  108  Pleasant  Street. 

.  Poultry  Plant. 

.  29  Lincoln  Avenue. 

.  29  North  Prospect  Street. 

.  6  Phillips  Street. 

.  23  East  Pleasant  Street. 

.  Abigail  Adams  House. 

.  70  Lincoln  Avenue. 

.  53  Lincoln  Avenue. 

.  30  North  Prospect  Street. 

.  10  McClellan  Street. 

.  17  Kellogg  Avenue. 

.  70  Lincoln  Avenue. 

.  3  McClellan  Street. 

.  4  High  Street. 

.  Kolony  Klub. 

.  Abigail  Adams  House. 

.  116  Pleasant  Street. 

.  4  Chestnut  Street. 

.  15  Hallock  Street. 

.  45  Pleasant  Street. 

.  Dwight. 

.  31  East  Pleasant  Street. 

.  27  Fearing  Street. 

.  One  Acre,  Mount  Pleasant. 

.  North  Amherst. 

.  North  Amherst. 
Kolony  Klub. 

.  69  Main  Street. 

.  12  Beston  Street. 

.  Amherst,  Box  579. 

.  43  High  Street. 

.  North  Amherst. 

.  Mount  Pleasant,  Care  of  Mr. 
Kenney. 

.  Amity   Street,    Care    of    Mr. 
Austin  Cowles. 

.  13  Phillips  Street. 

.  Amherst,  R.  F.  D.  1. 

.  Cushman. 

.  Kolony  Klub. 

.  20  Lessey  Street. 

.  19  Main  Street. 

.  75  Pleasant  Street. 

.  Cushman. 

.  4  Chestnut  Street. 

.  Amity  Street. 

.  101  Pleasant  Street. 

.  83  Pleasant  Street. 

.  58  Main  Street. 

.  Hatfield,  Care  of  H.  C.  Wil- 
cox. 

.  24  Beston  Street. 

.  17  Kellogg  Avenue. 

.  116  Pleasant  Street. 


220 


AGRICULTUEAL  COLLEGE. 


[Jan. 


Haugland,  John  Richard, 
Hawthorne,  Peter,  Jr., 
Hayward,  Lester  Burton, 
Hazard,  James  J., 
Henry,  Carl  Blaney,  . 
Hersome,  Clyde  Elwood, 
Hesse,  Louis  August, 
Higgins,  James  Jeremiah, 
Hutchins,  Roland  Smith, 
Jaastad,  Ronald  Charles, 
Johnson,  Harold  Webster, 
Jones,  Lindsey  Luther, 
Kelley,  Edward  Bernard, 
Kelly,  S.  Schofield,     . 
Kenison,  Ralph  Milton, 
Kennedy,  Francis  Reid, 
Kitchell,  Wilfred  Harold, 
Kleyla,  Beatrice  Barbara, 
Kuppers,  John  Leonard, 
LawTence,  Vernon  Lane, 
Legare,  Roy  Roosevelt, 
Legro,  Chester  James, 
Leitch,  Fredonna, 
Luther,  Bradford  Wheeler, 
Marble,  Benjamin, 
Marshall,  Frederick  William, 
Martin,  Frank  Raymond, 
Mattimore,  James  Francis, 
McCarthy,  John  Le-nis, 
McCurdy,  Roy  den  Whitcomb, 

McKinstry,  John  Percy, 
McNamara,  Francis  Joseph, 
McPhee,  Charles  Joseph,     . 
Meany,  Joseph  Jeremiah,    . 
Merrifield,  Ralph  Addison, 
Mitchell,  Donald  Campbell, 
Mulhern,  William  Francis, 
Murphy,  Daniel  John, 
-  O'Brien,  James  Lawrence,  . 
O'Connell,  Charles  Gregory, 
O'Donnell,  Joseph  Charles, 
Osborne,  Floyd  Henry, 
Outhuso,  Donald  Stedman, 
Park,  William  Hamlin, 
Peirce,  Elisha  Nye,     . 
Perry,  Udell  Thurston, 
Petersen,  Richard  Chittenden, 
Phinney,  Henry, 
Potter,  Raymond  Terry, 
Rambo,  Samuel  Everett,     . 
Rand,  George  L., 
Rawson,  Floyd  Stuart, 
Richardson,  Charles  Edward, 
Richardson,  Milton  C, 
Rivet,  Clarence  Arthur, 
Ryan,  Thomas  Frederic, 
Sahlin,  Harry,   . 
Sawhill,  John  McKnight,    . 
Schnitzer,  Harold  Edward, 
Scribner,  Harry  V.,     . 
Shepherd,  Owen, 
Silberberg,  William  Sedley, 
Slater,  Joseph  James, 


Somerville, 

Amherst, 

Amherst, 

Westwood, 

Westborough,    . 

Lowell, 

Hasbrouck  Heights, 

Worcester, 

Boston,     . 

Boston,     . 

Melrose  Highlands, 

Northborough, 

South  Hadley  Falls, 

East  Blackstone, 

Saugus,     . 

Waltham, 

Amherst, 

South  Deerfield 

Worcester, 

Athol, 

Petersham, 

Lynn, 

Amherst, 

Fairhaven, 

West  Berlin, 

Altona,  N.  Y. 

Spencer,    . 

Worcester, 

Worcester, 

Dorchester, 

Southbridge, 

Boston,     . 

Jamaica  Plain, 

Arlington, 

Athol, 

Billerica, 

Boston,     . 

Amherst, 

Roxbury, 

Florence, 

East  Boston, 

NorweU,  . 

Littleton, 

Newtonville, 

Waltham, 

Santuit,    . 

Worcester, 

West  Roxbury, 

Great  Barrington, 

Grafton,   . 

Weymouth, 

East  Douglas, 

Cushman, 

West  Brookfield, 

Turners  Falls, 

Holyoke, 

Dorchester, 

Springfield, 

Newport,  R.  I., 

Amherst, 

Bronxville,  N.  Y., 

Winthrop, 

Amherst, 


.  101  Pleasant  Street. 

.  Shumway  Street. 

.  West  Street. 

.  East  Pleasant  Street. 

.  9  Fearing  Street. 

116  Pleasant  Street. 

N.  J.,  20  Lessey  Street. 

.  3  McClure  Street. 

.  75  Pleasant  Street. 

North  Amherst. 

.  7  Nutting  Avenue. 

.  Care  of  Q.  S.Warner,  Pelham. 

.  7  McClellan  Street. 

.  29  Lincoln  Avenue. 

.  37  Cottage  Street. 

.  35  East  Pleasant  Street. 

.  40  Amity  Street. 

.  Abigail  Adams  House. 

.  20  Lessey  Street. 

.  17  Kellogg  Avenue. 

.  7  Nutting  Avenue. 

.  27  Fearing  Street. 

.  9  College  Avenue. 

.  East  Pleasant  Street. 

.  15  Fearing  Street. 

.  3  Nutting  Avenue. 

.  35  East  Pleasant  Street. 

.  10  Kellogg  Avenue. 

.  101  Pleasant  Street. 

.  Care  of  Dr.  Goodale,   North 

Amherst. 

.  94  Pleasant  Street. 

.  116  Pleasant  Street. 

.  15  Hallock  Street. 

.  116  Pleasant  Street. 

.  58  Main  Street. 

.  70  Lincoln  Avenue. 

.  6  Phillips  Street. 

.  13  East  Pleasant  Street. 

.  6  Phillips  Street. 

.  72  Main  Street. 

.  Baker  Place. 

.  35  East  Pleasant  Street. 

.  East  Pleasant  Street. 

.  9  Fearing  Street. 

.  35  East  Pleasant  Street. 

.  44  Pleasant  Street. 

.  North  Amherst. 

.  East  Pleasant  Street. 

.  83  Pleasant  Street. 

.  4  Chestnut  Street. 

.  18  Nutting  Avenue. 

.  17  Kellogg  Avenue. 

.  Cushman. 

.  84  Pleasant  Street. 

.  58  Main  Street. 

.  10  North  Prospect  Street. 

.  20  Lessey  Street. 

.  17  Kellogg  Avenue. 

.  8  Woodside  Avenue. 

.  35  East  Pleasant  Street. 

.  16  Amity  Street. 

.  15  Hallock  Street. 

.  14  McClellan  Street. 
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;Slattery,  John  Thomas, 
Smith,  Charles  Emerson, 
Smith,  William, 
Spengler,  Robert, 
Spooner,  Edward  Rowland 
Sprague,  Charles  Gordon, 
■Stevenson,  John, 
Stever,  Clitton  Baird, 
Stickney,  Burton  Marsh, 
Strout,  Raymond  Luville, 
Sullivan,  Edward  Francis, 
Sullivan,  John  Michael, 
Sunbury,  Kenneth  Arthur, 
Swanson,  Paul  Fredolf, 
Swenbeck,  Herman  Robert 
Taft,  George  Kenneth, 
Thomas,  Lawrence  Edward 
Thomas,  Leon  Chessman, 
Tolman,  John  Lyman, 
Trull,  Benjamin  Franklin, 
Tufts,  William  Harold, 
Wade,  Edwin  Snow,  . 
Wales,  Forrest  Martin, 


Walker,  Wallace  Hayward, 
Ward,  Nelson  Erwin, 
Warshaw,  Raymond  Stewart, 

Washburn,  Walter  Allen,    . 
'Weagle,  Dennis  William  Scot, 
Weber,  Clarence  Wilfred, 
Weed,  Theodore  Henry, 
Wentworth,  Wesley  John, 
Westervelt,  Harold  Eric, 
Wheeler,  Charles  Paine, 
Whitaker,  Wallace  Herbert, 
Wiedenmayer,  George  B., 
Wilbur,  Ella  Brown,  . 
WUson,  Henry  James, 
Woodward,  Everett  Brigham, 
"Wydeen,  Albert  Ferdinand, 
Yapp,  Clifford  Edward, 


North  Hatfield, 

Westfield,  N.  J., 

Whitinsville, 

Springfield, 

Brimfield, 

Boston,     . 

Sunderland, 

Yarmouth  Port, 

Chester,  Vt.,     . 

Steep  Falls,  Me., 

Roxbury, 

Cambridge, 

Lowell, 

Chelmsford, 

Boston,     . 

Mendon, 

Brattleboro,  Vt., 

South  Weymouth, 

Worcester, 

Lowell, 

North  Easton,  . 

Leeds, 

Stoughton, 

Ashby, 

Buckland, 

New  Dorp,  Staten  Island 

N.  Y. 
Marblehead, 
Marlborough, 
Heath,      . 
Lenox, 
Amherst, 
Tenafly,  N.  J., 
Springfield, 
Bernardston, 
Glen  Ridge,  N.  J., 
Orange,     . 
Amherst, 
Hubbardston, 
Amherst, 
Littleton, 


32  High  Street. 
70  Lincoln  Avenue. 

35  North  Prospect  Street. 
101  Pleasant  Street. 

22  North  Prospect  Street. 
The  Davenport. 

36  North  Prospect  Street. 
North  Amherst. 

58  Main  Street. 
15  Hallock  Street. 
31  Pleasant  Street. 

3  Pleasant  Street. 
116  Pleasant  Street. 
42  McClellan  Street. 

4  High  Street. 

116  Pleasant  Street.    . 

70  Lincoln  Avenue. 

S3  Pleasant  Street. 

6^  Tillson  Court. 

66  Pleasant  Street. 

North  Amherst. 

Care  of  J.  G.  Cook,  R.  F.  D.  1. 

Care  of  Dr.  Goodale,  North 

Amherst. 
Pease  Avenue. 
94  Pleasant  Street. 
4  Chestnut  Street. 

17  Phillips  Street. 
101  Pleasant  Street. 
15  HaUock  Street. 
3  McClellan  Street. 
R.  F.  D.  1,  Amherst. 

23  East  Pleasant  Street. 
Kolony  Klub. 

North  Amherst. 

70  Lincoln  Avenue. 

Abigail  Adams  House. 

R.  F.  D.  3,  Box  74. 

58  Main  Street. 

R.  F.  D.  1,  Amherst. 

East  Pleasant  Street. 


Vocational  Poultry  Course,  1921-22. 


Bardwell,  George  Arthur,    . 
Beyer,  Elmer  Roland, 
Bobb,  Lynn, 
Brandt,  Ernest  Arnold, 
Brennan,  William  Kavanaugh, 
Convery,  Edward  Francis, 
Coupard,  Louis, 
Daisy,  Walter  Edward, 
Earl,  John  Joseph, 
Famdon,  Charles  Harold, 
Gaudette,  Claude  Isreal, 
Graumann,  Lewis  Matthew, 
Igo,  Bernard  James,  . 
Jarvis,  Henry  Alexis, 
Leebrick,  Frank  Lee, 
MacMillan,  Murray, 
McKenna,  Philip  James, 
Moore,  Lloyd  Weymouth, 
Morse,  Herbert  Edgar, 


Cambridge, 

Wakefield, 

Philadelphia,  Pa., 

Boylston, 

Boston,     . 

Amherst, 

Lexington, 

Roslindale, 

Amherst, 

Worcester, 

Amherst, 

Roxbury, 

West  Somerville, 

North  Attleborough, 

Amherst, 

Medford, 

Amherst, 

Worcester, 

Foxborough, 


.  24  Pleasant  Street. 

.  Cushman. 

.  17  Kellogg  Avenue. 

.  41  East  Pleasant  Street. 

.  36  North  Prospect  Street. 

.  47  Pleasant  Street. 

.  27  Fearing  Street. 

.  13  Amity  Street. 

.  9  Pleasant  Street. 

.  35  East  Pleasant  Street. 

.  13  Amity  Street. 

.  35  North  Prospect  Street. 

.  35  North  Prospect  Street. 

.  Poultry  Plant. 

.  138  South  Pleasant  Street. 

.  31  North  Prospect  Street. 

.  47  Chestnut  Street. 

.  3  McClure  Street. 

.  18  Nutting  Avenue. 
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Rodwaye,  George  Wildemere, 
Stillwell,  Albert  Clifton, 
Talbot,  William  Joseph, 
Walsh,  Paul  Bernard, 
Walsh,  William  Harold, 
Warner,  Harry  Freeman, 
Wilson,  Harvey  William, 


Amherst, 
Brooklyn,  N.  Y., 
Amherst, 
Worcester, 
Jamaica  Plain, 
Boston,    . 
Boston,     . 


9  Gaylord  Street. 

25  Pleasant  Street. 

8  Hallock  Street. 

24  Beston  Street. 

Box  665,  Amherst. 

35  East  Pleasant  Street. 

■R.  F.  D.  3,  Box  74. 


Abel,  Albert  James,    . 
Bevilacqua,  Vito  Luigi, 
Blanchette,  William, 
Brown,  Ezra  Palmer, 
Callard,  Arthur  Alfred, 
Calvey,  Daniel  Francis, 
Cannon,  Timothy  Francis, 
Edwards,  Glenn  Elsworth, 
Faulkingham,  Harris  C, 
Hurley,  Joseph  John, 
Ivarson,  Oscar  Albert, 
Janse,  Edward  Adrian, 
Josey,  Benjamin, 
Joyce,  Joseph,   . 
Mailloux,  Conrad, 
Manson,  Alexander,   . 
Maynard,  Joseph  Francis, 
McGrath,  Coleman  Francis 
Mendoza,  Maurice  Neail, 
Miller,  Adam,    . 
O'Brien,  Francis  Xavier, 
Paull,  Jacob  John, 
Pelletier,  Leon  J., 
Peters,  Lawrence, 
Poole,  Charles  Harold, 
Rico,  Ramon  Salvador, 
Shulver,  Arthur, 
Weremey,  John, 
White,  Sidney  Henry, 


Unit  Course,  September,  1921. 

.  Endoria,  Ark., 

.  Fitchburg, 

.  Athol, 

.  Solon,  Me., 

.  Fall  River, 

.  Taunton, 

.  Amherst, 

.  New  York,  N.  Y., 

.  Amherst, 

.  Boston,     . 

.  Amherst, 

.  Amherst, 

.  Granby,   . 

.  Methuen, 

.  Woonsocket,  R 

.  Amherst, 

.  Worcester, 

.  Boston,     . 

.  New  Bedford, 

.  North  Dana, 

.  Amherst, 

.  Middleborough 

.  Framingham, 

.  Amherst, 

.  Newton,  . 

.  Dorchester, 

.  Pawtucket,  R.  I 

.  Amherst, 

.  Amherst, 


31  Pleasant  Street. 
101  Pleasant  Street. 
North  Amherst. 
East  Pleasant  Street. 
5  Hillside  Avenue. 
East  Pleasant  Street. 
18  Nutting  Avenue. 
101  Pleasant  Street. 
56  Pleasant  Street. 
17  Pleasant  Street. 
9  High  Street. 

44  College  Street. 
Granby. 

35  East  Pleasant  Street. 
75  Pleasant  Street. 
Box  458,  Amherst. 

45  Pleasant  Street. 
45  Pleasant  Street. 

41  East  Pleasant  Street. 
Box  469,  Amherst. 
11  Salem  Street. 
5  Hillside  Avenue. 
101  Pleasant  Street. 
Baker  Place. 
75  Pleasant  Street. 
101  Pleasant  Street. 
4  Chestnut  Street. 
Stockbridge  Road. 
13  South  East  Street. 


Winter  School,  1921. 

Adams,  David  L.,     ......  ^  .  .  Springfield. 

Allured,  Karl  B.,       ........  .  Northampton. 

Ayers,  Walter  G.,     .........  Littleton. 

Bertucio,  Steven,       .........  Fitchburg. 

Boman,  Lauri,  .........  Ashburnham. 

Brandt,  Ernest  A.,   .  .  .  .  .  .  .  .  .  Worcester. 

Brown,  Ossian  R.,    .  .  .  .  .  .  .  .  .  South  Swansea. 

Burdett,  Walter  A.,  ........  Leominster. 

Carreiro,  Frederick  C,       .......  .  Brookline. 

Casey,  Willis  A.,       ........  .  Cambridge. 

Chanin,  Emma  K.,  .  .  .  .  .  .  .  .  .  Rockville,  Conn. 

Clark,  Alexander  D.,  .......  .  Revere. 

Cook,  Harold  E.,      ........  .  Franklin. 

Cranston,  Julius  B.,  .  .  .  .  .  .  .  .  Pittsfield. 

Crosier,  Earl  B.,       ........  .  Dalton. 

Crowell,  Clarence  A.,  .......  .  Hyannis. 

Davenport,  Maurice  J.,     .......  .  Shelburne. 

Day,  Dorence  P.,      ........  .  West  Kennebunk,  Me. 

Delay,  James  A.,      .  .  .  .  .  .  .  .  .  Scituate. 

Deutsch,  Miriam,     .........  Baltic,  Conn. 

Dietrich,  Henry  A.,  ........  Springfield. 

Dobkins,  Toma  M., Ellington,  Conn. 
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Donaghy,  Mildred  I., Medford. 

Dowling,  Everett  E.,         .  .  .  .  .  .  .  .  Worcester. 

Dunn,  Edward  C,    .  .  .  .  .  .  .  .  .  Westborough. 

Parrow,  Henry  G.,    .........  Rockport,  Me. 

Fisher,  Edward  W.,  ........  Newton. 

Eliss,  Stephen,  .........  Chester. 

Gale,  Charles  J.,       ........  .  Amherst. 

Giles,  George,  .........  Medford. 

Godfrey,  Clifton  H Sterling. 

Gronberg,  Clarence  E.,      ........  Quincy. 

Hale,  Arnold  B.,        .........  Tyringham. 

Hannigan,  William  E.,      ........  Mattapan. 

Hart,  Adrian  P.,        .  .  .  .  .  .    •.      .  .  .  Cambridge. 

Hart,  Lawrence  W.,  ........  Taunton. 

Hawthorne,  Robert,  ........  Amherst. 

Haynes,  Julia  A.,      .........  Hyannis. 

Herrick,  Robert  B.,  ........  Winchester. 

Heselton,  Curtis  L.,.  .........  Leominster. 

Higgins,  Myron  E., Pittsfield,  Me. 

Holmgren,  John  U.,  ........  Brookline. 

Hooper,  George  L.,  .  .  .  .  .  .  .  .  .  Danvers. 

Johnson,  Elizabeth  G.,      ........  HoUiston. 

Judge,  Charlotte  F.,  ........  Raynham  Centre. 

Kimball,  Harlan  W.,  .  .  .  .  .  .  .  .'  Northborough. 

King,  Alouise  A.,      .........  Burlington,  Vt. 

Landon,  William  G.,  ........  Stamford,  Conn. 

LeFever,  George  A.,  .  .  .  .  .  .  .  .  Chester,  N.  J. 

Levitt,  Benjamin  L,  ........  Lebanon,  Conn. 

Lowry,  Floyd  P.,      .  .  .  .  .  .  .  .  .  Williamstown. 

Lybeck,  Inez  L.,       ........  .  New  York,  N.  Y. 

Maak,  Henry  G.,      .........  Chester. 

Martin,  John  P.,       .  .  .  .  .  .  .  .  .  Lawrence. 

Miller,  Elizabeth  K.,  ........  Rockville,  Conn. 

Newton,  Earle  C,     ........  .  Sterling. 

Norell,  Oscar,  ..........  Amherst. 

Pomeroy,  Leon  R.,   .........  Westfield. 

Quinn,  George  E.,     .......'..  Hopkinton,  N.  Y. 

Raftery,  Martin  D., Tiverton,  R.  I. 

Rose,  Stephen  D.,     .........  Marblehead. 

Ruud,  Alfred,  ..........  Newton. 

Samson,  Josephine,  .........  Greenfield. 

Sawyer,  Norman  E.,  ........  Sterling. 

Sheaver,  Lawrence  E.,       ........  Colrain. 

Shute,  Raymond  W.,  .  .  .  .  .  .  .•         .  West  Newbury. 

Smillie,  James  C,     .  .  .  .  .  .  .  .  .  Branford,  Conn. 

Sowerby,  Clifton  E.,  ........  Marlborough. 

Spofford,  Fred  R.,    ........  .  South  Groveland. 

Summers,  Robert  P.,  .  .  .  .  .  .  .  .  Quincy. 

Thomas,  Irwin  E.,    ........  .  New  York,  N.  Y. 

Tufts,  James  W.,      .........  Amherst. 

Upham,  Esther  N.,  .  .  .  .  .  .  .  .  .  Melrose. 

Vondell,  Harry  L.,    .  .  .  .  .  ...  .  .  Windsor,  Vt. 

Walker,  Edwin  H.,  .  .  .  .  .  .  .  .  .  East  Pepperell. 

Walker,  Judson  N.,  ........  Marlboro,  N.  H. 

Walker,  Lowell  K.,   .........  Westborough. 

Warke,  Genevieve  A.,        .  .  .  .  .  .  .  .  Arlington. 

Waterhouse,  James  C,      .  ...  .  .  .  .  Biddeford,  Me. 

Welch,  Edward  P., Thornton  Ferry,  N.  H. 

Welchans,  William  H., Waltham. 

Wenk,  William  J.,     .  . Springfield. 

Wilbur,  Ella  B., Orange. 
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School  for  Country  Clergymen,  1921. 

Anderson,  W.  S.,  .          .          .          .          .          .          .          .          .  Montague. 

Barker,  G.  G., New  Salem. 

Brown,  Charlotte,  .          .          .          .          .          .          .          .          .  New  Boston. 

ColdweU,  S.  A., Florida. 

Dark,  F.  J.,     .  .          .          .          .          .          .          .          .          .  Swansea. 

Garfield,  E.  C, "West  Brookfield. 

Gooch,  W.  S., North  Brookfield. 

Goodrich,  L.  B.,        . .  Taunton. 

Groezinger,  C,  ........          .  Kingston. 

Gustin,  B.  F.,  .........  North  Amherst. 

Hope,  A.  H., Hadley. 

Kendrich,  A.  D.,  .........  "Windsor,  Conn. 

Parke,  Hervey  C,  .          .          .          .          .          .          .          .          .  Amherst. 

Sherman,  C.  R.,  .........  "Williamstown. 

Sherman,  S.  C, Rutland. 

Thompson,  G.  L •     .  .  .  .  Northfield. 

Thurston,  W.  H.,  .          .          .          .          .          .          .          .          .  South  Amherst. 

"Wakeman,  "W.  W.,  .........  '^^''estwood. 

"Wightman,  J.  C,  .          .          .          .          .          .          .          .          .  Northampton. 


Summer  School,  1921. 
Four  Weeks'  School. 


Abbott,  Florence  Isabelle, 
Acton,  Kathryn  Irene, 
Acton,  Sara  "Veronica, 
Adams,  Mary  Isabella, 
Allen,  Dorothy  Whittemore, 
Alley,  Evelyn  L., 
Anderson,  Edith  Aleda,     . 
Anderson,  Ruby  Basse, 
Averill,  Astrid  Louisa, 
Averill,  George  Warren,     . 
Baker,  Mary  I^., 
Barry,  Helen  Elizabeth,     . 
Bassett,  Mildred  Sara, 
Bel  lings,  Amie  Maria, 
Bergeron,  Noellia  Corrine, 
Berkovcova,  Anna, 
Berry,  Jennie  M.,     . 
Bigelow,  Florence  Maude, 
Bill,  Mary  E., 
Blood,  Elizabeth  Lawrence, 
Boland,  Grace  Beatrice,    . 
Bourne,  Dorothy  Dulles,  . 
Bourne,  James  Russell, 
Buchanan,  Walter  Gray,  . 
Burke,  Grace  Margaret,    . 
Burr,  Alice  E., 
Bushnell,  Clara  Vance, 
Callahan,  Catherine  Agnes, 
Callahan,  Ellen  Elizabeth, 
Canavan,  Ann  Mary, 
Carlson,  Oscar  E.,    . 
Clapp,  Augustus  Warren, 
Clark,  Clara  Louise, 
Clarke,  Martha  Alice, 
Coldwell,  Archibald  Gates, 
Collis,  Ada  Estella,  . 
Comins,  Olive  Gertrude, 
Crocker,  Charles  Gilbert, 
Crocker,  Mary  Lydia, 


Andover. 

Framingham. 

Framingham. 

Northampton. 

Concord  Junction. 

Boston. 

Southwick. 

Wareham. 

Taunton. 

Taunton. 

Boston. 

Westfield. 

Islington. 

Springfield. 

Amherst. 

New  York  City. 

Marlborough. 

Winthrop. 

Sharon. 

Groton. 

Fitohburg. 

West  Cornwall,  Conn. 

West  Cornwall,  Conn. 

Bernardston. 

Hadley. 

North  Cohasset. 

Braintree. 

Hadley. 

Hadley. 

Amherst. 

"Vestervik,  Sweden. 

East  Braintree. 

North  Amherst. 

Fall  River. 

Haydenville. 

Enfield. 

Amherst. 

Amherst. 

Nantucket. 
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Curtis,  Betsey  Pulcifer,     . 
Curtis,  J.  Louise  G., 
Dana,  Minnie  Louise, 
Daniels,  Harry  Edward,    . 
Davenport,  Elmer  Freeman, 
Davidson,  Donald  Gordon, 
Davis,  Edith  Luella, 
Delamare,  Dorothy, ' 
Dickinson,  Ethel  Merle,    . 
Dickinson,  Leontine  Elizabeth, 
Dormon,  Marion  Katharine, 
Dwight,  Louise  Elizabeth, 
Dwight,  Mrs.  Susan  H.,    . 
Eames,  Helen  Mildred, 
Elliott,  Gladys  S.,    . 
Elliott,  Myrtle  Clair, 
Emerson,  Louise  Ejngman, 
Estes,  Lora  Alberta, 
Fentem,  Alice  Elizabeth,  . 
Fentem,  Beth, 

Fitzgerald,  Elizabeth  Cecelia, 
Flaherty,  Jane  Sughrue,    . 
Flaherty,  Johanna  Ruth,  . 
Flaherty,  Mary  Elizabeth, 
Frellick,  Arthur  Lester,     . 
Frellick,  Ralph  Stanley,    . 
French,  Alice  Mabelle, 
Fuller,  Sarah  Lois,    . 
Gardner,  Katherine, 
Gates,  Katharine  Pomeroy, 
Gaynor,  Margaret  Frances, 
Gerrett,  Helen  Sophronia, 
Gibson,  Chester  Atkins,    . 
Gilbert,  Chauncey  McLean, 
Gilfillan,  May  Candace,    . 
Glanoy,  Anna  Estelle, 
Goldsmith,  Emily  Augusta, 
Goldsmith,  Gertrude  Brown, 
Goodwin,  Olive  Caroline, 
Gorman,  Josephine, 
Grady,  May  Frances, 
Graves,  Cora  King, 
Hastings,  Margaret  Bell, 
Haj'ford,  Helen  Coggins, 
Healey,  Mary  Winifred, 
Heinritz,  Louise  Friederica, 
Heinstein,  Esther  Lucille, 
Hinds,  E.  Annette,  . 
Hinds,  Mary  Ardelle, 
Hoar,  Angeline  Lucy, 
Hopkins,  Viola  Elizabeth, 
Hutchinson,  Joseph  Patrick, 
Johnson,  Leonora  Arnold, 
Johnson,  Ruth  Isabelle, 
Jones,  Bernice  Allan, 
Judge,  Charlotte  Frances, 
Keenan,  Mary  Etta, 
Kelly,  Alice  Elizabeth, 
Kendall,  Harold  Holton, 
Kenney,  Irene  Elizabeth, 
King,  Mabel  Disa,    . 
Kirchner,  Therese  Helen, 
Knightly,  Mary  Agnes, 
LaFleur,  Cecile  Estelle, 


Gloucester. 

Mount  Vernon,  N.  Y. 

Amherst. 

Orangeburg,  S.  C. 

Holyoke. 

Amherst. 

Carlisle. 

Oradell,  N.  J. 

Granville. 

Simsbury,  Conn. 

Brookline. 

Griswoldville. 

Griswoldville. 

Wilmington. 

Florence. 

Maiden. 

Braintree. 

Blackstone. 

West  Chester,  Pa. 

West  Chester,  Pa., 

Bondsville. 

Hadley. 

Hadley. 

Hadley. 

Everett. 

Fitchburg. 

Bedford. 

Quincy. 

Amherst. 

Ludlow. 

Attleboro.  _ 

Greenfield. 

Watertown. 

North  Amherst. 

St.  Johnsbury,  Vt. 

Southbridge. 

Cambridge. 

Manchester. 

Amherst. 

Holyoke. 

Amherst. 

Hatfield. 

Hadley. 

Attleboro. 

Whitinsville. 

Holyoke. 

Dorchester. 

Three  Rivers. 

Three  Rivers. 

Amherst. 

Chicopee  Falls. 

Boston. 

Brookline. 

Springfield. 

Framingham. 

Raynham  Centre. 

Pawtucket,  R.  I. 

Southbridge. 

Worcester. 

Amherst. 

Roxbury. 

Pittsfield. 

Amherst. 

Northampton. 
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Lapierre,  Viola  Agatha, 
Learoyd,  Jessie  Putnam, 
Leitch,  Fredonna,     . 
Link,  Helen  Clare,    . 
Littlefield,  Lillie  C, 
Lolley,  Ethel  Emily, 
Long,  Anna  L., 
Loomis,  Elsie  Maud, 
Loudon,  Bessie  Emma, 
Lovell,  Mary  Eleanor, 
Lynch,  Mary  Anna, 
Lyons,  Edwin, 
Lyons,  Emma  Augusta, 
MacArthur,  Kenneth  Cauldwell 
MacCave,  Doris  Kathleen, 
Malone,  Rose  Veronica,     . 
Martin,  Katharine  Mary, 
Martin,  Lucille  Antoinette, 
Martin,  Margaret,    . 
Mather,  Edna, 
McCarthy,  Mary  Elizabeth, 
McClintock,  Annie, 
McDonald,  Lillian  Mary, 
McKennelly,  Abby  Gertrude, 
Meadowcroft,  Abbie  Jane, 
Mende,  Pauline  Mary, 
Merritt,  Lucius  A.,  . 
Moore,  Helen  Bessie, 
Moriarty,  Mary  Todd, 
Mostrom,  Harold  Augustus, 
Neil,  Sabina  Elizabeth, 
Newlon,  Charlotte  R., 
Nichols,  Beatrice, 
Nichols,  Helen, 
Nowlan,  Elizabeth  Tennyson, 
O'Brien,  Elinor  Mary, 
O'Brien,  Helen  Agnes, 
O'Connor,  Arthur  Maxwell, 
O'Neill,  Katherine  Agnes, 
Page,  Marion  Dwight, 
Papineau,  Mary  Margaret, 
Park,  Ruth,      . 
Parsons,  Ruth  Helen, 
Patterson,  Elizabeth  Virginia, 
Patterson,  Jane, 
Patterson,  Mildred  Cleaves, 
Perham,  Edith  Belle, 
Peters,  Frances  Howey,     . 
Powers,  Charles  Aloysius, 
Prand,  Catherine,     . 
Prand,  Rosa  DeLyzy, 
Pulsifer,  Pauline  Fedora,  . 
Rice,  Daisy  Idella,    . 
Rice,  Gratia  Serena, 
Richardson,  Eleanor  Keep, 
Rile,  Mary  Emily,    . 
Risdon,  Elizabeth  Eva, 
Ritz,  Alice  Marie,     . 
Robinson,  Eva  May, 
Rorstrom,  Hans  Alfred,     . 
Ross,  Gertrude  M., 
Ryan,  Margaret  Alice, 
Ryan,  Teresa, 
Sanborn,  Joseph  Raymond, 


Griswoldville. 

Danvers. 

Amherst. 

South  Deerfield. 

Braintree. 

Pelham. 

Holyoke. 

Ashland. 

Monson. 

Wayland. 

Holyoke. 

Maiden. 

Maiden. 

Cambridge. 

Amherst. 

Lenox. 

Amherst. 

Amherst. 

Amherst. 

Amherst. 

Fitch  burg. 

Lawrence. 

Holyoke. 

Hopkinton. 

Brookline. 

Old  Furnace. 

Chesterfield. 

North  Adams. 

Greenwich,  Conn. 

Amherst. 

Amherst. 

Amherst. 

New  Ashford. 

Greenfield. 

Amherst. 

Westborough. 

Westfield. 

Amherst. 

Holyoke. 

Amherst. 

Dedham. 

East  Walpole. 

Mount  Tom. 

Amherst. 

Amherst. 

North  Natick. 

Lowell . 

Harvard. 

Williamsburg. 

Roxbury. 

Roxbury. 

Haverhill. 

Charlemont. 

Charlemont. 

Amherst. 

Stamford,  Conn. 

Amherst. 

Upton. 

Petersham. 

Northampton. 

Salem. 

Hatfield. 

Fall  River. 

North  Amherst. 
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Sanborn,  Lillian  Winnifred, 
Sanford,  Mrs.  Alice  Boardman, 
•Sawyer,  Bessie  Frances,     . 
Sawyer,  Louise  Willmott, 
Sharpe,  Charles  Gertner,  . 
Shaw,  Beryl  Mae,     . 
Shay,  Mary  Etta,     . 
Sheridan,  Anne, 
Sheridan,  Katharine  Elizabeth, 
Simmons,  Lester  Winslow, 
Smart,  Harold  William, 
Smith,  Hazel, 
Smith,  Lyon,  . 
Spofford,  Chester  Porter, 
Staples,  Amey  Peirce, 
Stearns,  Frank  K.,    . 
Stetson,  Florence  Mae, 
Sullivan,  Katharine  D., 
Tanner,  Grace  Naomi, 
Taylor,  Mary  Emily, 
Thayer,  Cassandana, 
Timson,  Minnie  B., 
VanEveren,  Alice  B., 
Wang,  Harold, 
Ward,  Frances  Willard, 
Washington,  Daisy, 
Weatherwax,  Howard  Erie 
Wheaton,  Sarah  Laura, 
Wood,  Helen  Marjorie, 
Woods,  Emily  Young, 
Yale,  Margaret, 
Young,  Eleanor  Melita, 


North  Amherst. 

New  York  City. 

Fitchburg. 

Fitchburg. 

Amherst. 

Amherst. 

Fall  River. 

Wellesley  Hills. 

WeUesley  Hills. 

Dighton. 

Amherst. 

Northampton. 

Brookline. 

Middleton. 

Myricks. 

Lowell. 

Heath. 

Framingham. 

Washington,  D.  C. 

Amherst. 

Quincy. 

Hyde  Park. 

Cambridge. 

Amherst. 

Framingham. 

Amherst. 

Greenfield. 

Springfield. 

East  Whately. 

Brookline. 

Alder  Creek,  N.  Y. 

Brookline. 


School  of  Rural  Home  Life,  July  18  to  July 
Barry,  Helen, 
Bishop,  Mrs.  E.  H., 
Clark,  Frances, 
Cockle,  M.  L., 
Currier,  Mrs.  Mary  E., 
Currier,  Mary  W.,    . 
Doane,  Delia  S., 
Eastman,  Frances  M., 
Foley,  Mary  R., 
Hawthorne,  Mrs.  Gladys, 
Irving,  Mrs.  Clarissa  S., 
Leach,  Mrs.  Lottie  A., 
Lovering,  Harriet  H., 
O'Brien,  Mrs.  Edward  J., 
Owen,  Mrs.  Lillian  M., 
Thompson,  Mrs.  O.  G., 
Thresher,  Mrs.  G.  A., 
Tibbetts,  Mrs.  Alice  M., 
Towle,  Rosa  P., 
Vaughan,  Mrs.  P.  C, 
Walker,  Mrs.  Lillian  B., 
Wenzel,  Mrs.  Ethel  M., 
Whittemore,  Mrs.  Mary  B., 
Wright,  Mary  B.,     . 


Erie,  Pa. 

Amherst. 

Chelmsford. 

New  York  City. 

Wilmington. 

Wilmington. 

Wallingford,  Conn. 

Amherst. 

Amherst. 

Amherst. 

Greenfield. 

Walpole. 

Walpole. 

Amherst. 

Waltham. 

East  Westmoreland,  N.  H. 

Williamsburg. 

Wilmington. 

Quantico,  Va. 

Fitchburg. 

Amherst. 

Fitchburg. 

Tufts  College. 

Sunderland. 


Eight  Weeks'  School  for  Two-year  Students. 
Axtman,  John  Louis,         ........     Chestnut  Hill. 

Carroll,  Charles  Raymond,         .......     Amherst. 

Considine,  Francis  Anthony,      .......     Watertown. 
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Diebner,  Louis  Theodore,  .  .  .  .  .  .  .  Gloucester. 

Donnellan,  Arthur  Lindsley,       .......  Cobalt,  Conn. 

Dunbar,  Albert  Jarvis,       .  .  .  .  .  .  .  .  Greenwood,  R.  I. 

Etzel,  George  Frank,         ........  Amherst. 

Fazio,  Charles  Edward,     ........  Springfield. 

Finnegan,  Andrew  Frederick,     .......  LoweU. 

Galvin,  Daniel  Joseph,      ........  South  Boston. 

Gavett,  George  Billings,    ........  South  Portland,  Me^ 

Hagan,  Patrick,        .........  Cambridge. 

Hannigan,  William  Edward,       .  .  .  .  .  .    ,      .  Mattapan. 

LaGarde,  Aldor  Lewis,      ........  Amherst. 

LesCarbeau,  Arthur  Alitchel,     .  .  .  .  .  .  .  Amherst. 

Mack,  Harvey  C.  S.,  .  .  .  .  .  .  .  .  Gloucester. 

Marshall,  Frederick  William,     .  .  .  .  .  .  .  Roxbury. 

Martin,  Charles  J.,  .  .  .  .  .  .  .  .  .  Worcester. 

McLaughlin,  George  Reed,  Jr.,  ......  Charlestown. 

McLeod,  Herbert  Hugh,   .  .  .  .  '        .  .  .  .  North  Amherst. 

Norrington,  Henry,  ........  Amherst. 

Partenoft,  Christo,   .........  Middleborough. 

Rand,  Arden  Wilfred,        ........  Amherst. 

Ravinski,  Albert  John,      ........  Amherst. 

Rhodes,  Charles  Ernest,    .  .  .  .  .  .  .  .  Amherst. 

Rhodes,  Paul  Griggs,         ........  Lynn. 

Robinson,  Leo  Victor,        ........  Petersham. 

Roy,  Leon  Joseph,    .........  Lawrence. 

Smith,  Willard  Stevenson,  .  .  .  .  .  .  .  Westborough. 

Stevenson,  John,       .........  Worcester. 

Taylor,  Edgar  Raymond,  .......  Amherst. 

Thibault,  Arthur  Joseph,  ........  Lowell. 

Trebeck,  Thomas,     .........  Springfield,  Vt. 

Unwin,  Edward,       .........  Amherst. 

Watson,  Grant  Mack,        ........  Lowell. 

Whitten,  George,      .........  Sanford  River,  Me.. 

Eight  Weeks'  School  for  Unit-course  Students. 

Bangs,  Walter  Albert,        ........  Somerville. 

Bardwell,  George  Arthur,  .......  Boston. 

Bevilacqua,  Vito  Luigi,     ........  Fitchburg. 

Beyea,  Elmer  Roland,       ........  Wakefield. 

Boyce,  Charles  Philip,       ........  Somerville. 

Bullock,  James  L.,    .........  Bristol,  R.  I.. 

Callard,  Arthur  Alfred,      ........  Fall  River. 

Cannon,  Timothy  Francis,  .......  Roxbury. 

Crehan,  Owen  Joseph,       ........  Boston. 

Daw,  Elwyn  Hudson,        ........  Wamesit. 

Dawkins,  Albert  Eugene,  .......  Amherst. 

DeGorio,  Louis  James,      ........  Newton. 

DeNyse,  Arthur  William,  .......  Amherst. 

Dunklee,  Laurence  Horner,        .......  Providence,  R.  I.. 

Earl,  John  Joseph,    .........  Amherst. 

Faulkingham,  Hans  C,     ........  Amherst. 

Feeney,  Charles  Joseph,    ........  Cushman. 

Fleming,  Edward  Malachi,         .......  Medford. 

Frantz,  Ralph  W .  .  .St.  Clair,  Pa. 

Gallagher,  James  Henry,  ........  Revere. 

Gallison,  Winfield  Hancock,       .......  Roxbury. 

Gibbons,  James  William,  ........  Boston. 

Greenwood,  Clarence  Wesley,    .......  Baldwinville. 

Griswold,  Ralph  Emerson,  .......  Springfield. 

Haugland,  John  Richard,  .......  Maiden. 

Hawthorne,  Peter  E.,  Jr.,  .......  Amherst. 

Herbert,  John  Edward,      ........  Everett. 

Ivarson,  Oscar  Albert,       .......  Jamaica  Plain.. 
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Janse,  Edward  Adrian,      .  .  .  .  .  .  .  .  Amherst. 

Jarvis,  Henry  Alexis, .  North  Attleborough. 

Josey,  Benjamin,      .........  Granby. 

Joyce,  Joseph,  .  .  .  ." Methuen. 

Lagimoniere,  Ernest,  ........  Amherst. 

Libby,  George  Amos,         ........  Amherst. 

Mailloux,  Conrad,    .........  Woonsocket,  R.  I. 

Manson,  Alexander,  ........  Amherst. 

Martin,  Frank  Raymond,  .......  Spencer. 

McCarthy,  John  Lewis,     ........  Worcester. 

McGrath,  Coleman  Francis, Roxbury. 

McLean,  Joseph  Patrick,  .......  Brookline. 

Meany,  Joseph  Jeremiah,  .  .  .  .  .  .  .  Arlington. 

Mendoza,  Maurice  Neil, Amherst. 

Mulhern,  William  Francis, Hyde  Park. 

Murphy,  Daniel  John, Amherst. 

Norris,  Charles  Fredrick,  Jr.,     .......  Boston. 

O'Brien,  Francis  Xavier,  ........  Amherst. 

O'Brien,  James  Laurence,  .......  Mattapan. 

O'Connell,  Charles  Gregory, Florence. 

Paull,  Jacob  John, Amherst. 

Peters,  Lawrence, Kearsarge,  N.  H. 

Petersen,  Ben  Julius,         ........  Stow. 

Poole,  Charles  Harold, Newton. 

Rico,  Ramon  Salvador, .  Dorchester. 

Scribner,  Harry  Verne,      ........  Waltham. 

Slater,  Joseph  James,         ........  Dorchester. 

Spengler,  Robert Springfield. 

Sullivan,  John  Michael, Cambridge. 

Walsh,  Paul  Bernard, Worcester. 

Weagle,  Dennis  William  Scot,    .......  Marlborough. 

Webb,  Patrick  Henry, Lawrence. 

Weremey,  John,        .........  Boston. 

Wheeler,  Alfred  Edwin,     ........  Dedham. 

White,  Sidney  Henry Amherst. 

Wolfers,  Harry, Roxbury. 

Wydeen,  Albert  Ferdinand,        .......  BondsviUe. 

Students  beqisteeed  after  the  Catalogue  of  1920  was  published. 

Two-year  Course. 

Cahill,  Jerome  Joseph,       .......  Everett. 

Doherty,  James  Wilfred,  ........  Boston. 

Elschner,  Charles  Robert,  .......  Everett. 

Gilbert,  Chauncey  McLean,       .......  North  Amherst. 

Hopkinson,  Harry  Buss,    ........  Bennington,  Vt. 

Manchester,  Philip,  ........  Fall  River. 

Riley,  William  Clinton,     .  .  .  .  .  .  .  .  Amherst. 

Ross,  Donald  Ernest,         ........  Hudson. 

Shea,  Maurice  Joseph,       ........  Worcester. 


if,  Ro: 


Vocational  Poultry  Course. 

UdallT  Robert  Cornelius,  ........  Barre. 

Unit  Course. 

Bourque,  Joseph  Leo,        .  .      '    .  .  .  .  .  .  Lynn. 

Burke,  James  Andrew,      ........  Dorchester. 

Clouthier,  Edward,  .........  Brunswick,  Me. 

Cox,  Thomas,  .  .       /  .  .  .  .  .  .  .  Lowell. 

Dantos,  Nicholas,     .........  Haverhill. 

Dineen,  Walter  James,       ........  Revere. 

Fesette,  Bertie  Elbert,       ........  Manchester,  N.  H. 

Graham,  George  Norman,  .......  Lynn. 


230 


AGRICULTURAL  COLLEGE. 


[Jan.  1922. 


Guntner,  Laurence  Michael, 
Keller,  Earle  Franklin, 
Landers,  Thomas  John, 
Letorney,  Michael  George, 
Orlande,  John, 
Quinn,  John  Joseph, 
Sheppard,  Thomas, 
Sorli,  Joseph  A., 
Vacher,  John, 
Weiby,  Berger  Kristian, 


Boston. 

Augusta,  Me. 

Woburn. 

Boston. 

Boston. 

Lowell. 

Revere. 

Carlisle. 

Amherst. 

Jamaica  Plain. 


Summary  of  Short-course  Enrollment. 


Men. 


Women. 


Total. 


Two-year  Course,  second  year. 
Two-year  Course,  first  year,      .... 
Vocational  Poultry  Course,       .... 
Unit  Courses,  September,  1921, 

Winter  School,  1921 

School  for  Country  Clergymen, 
Summer  School,  1921: 

Four  Weeks'  School 

School  of  Rural  Home  Life,  .... 

Eight  Weeks'  School  for  Two-year  Students, 

Eight  Weeks'  School  for  Unit-course  Students, 

Totals 

Counted  twice, 

Totals 


129 

9 

138 

150 

5 

155 

26 

- 

26 

29 

- 

29 

69 

14 

83 

18 

1 

19 

31 

168 

199 

- 

24 

24 

36 

- 

36 

65 

- 

65 

553 

221 

774 

78 

- 

78 

696 


INDEX 


INDEX 


PAGE 

Admission  to  the  college, 

29 

Awards  and  prizes, 

197 

Calendar,  1921,  1922,  1923, 

9 

Clerical  staff,       .... 

22 

Corporation  of  the  college,  . 

14 

■Courses  of  instruction: 

Agricultural  Chemistry, 

57 

Agricultural  Economics, 

61 

Agricultural  Education, 

62 

Agronomy,  .          .          .          . 

46 

Animal  Husbandry, 

47 

Dairying,     .... 

48 

Economic  Botany, 

56 

Economic  Entomology, 

58 

Farm  Management, 

49 

Floriculture, 

51 

Forestry,      .... 

52 

Junior,          .... 

44 

Landscape  Gardening,  . 

53 

Majors,         .... 

44 

Microbiology, 

59 

Pomology,   .... 

54 

Poultry  Husbandry, 

50 

Rural  Journalism, 

60 

Rural  Sociology,  . 

63 

Senior,          .... 

44 

Sophomore, 

42 

Vegetable  Gardening,    . 

65 

Degrees  conferred  in  1921,   . 

199 

Description  of  courses: 

Agricultural  Economics, 

129 

Agricultural  Education, 

132 

Agronomy,  .... 

67 

Animal  Husbandry, 

69 

Botany,        .... 

92 

Chemistry,  .... 

96 

Dairying,     .... 

71 

Drawing,      .... 

91 

JEconomics  and  Sociology, 

117 

-Entomology, 

101 

Farm  Management, 

73 

Floriculture, 

79 

Forestry,      .... 

81 

^  French  and  Spanish, 

123 

Geology,      .... 

114 

German  and  Music, 

126 

History  and  Government, 

118 

JJome  Economics, 

137 

Horticultural  Manufactures, 

83 

Horticulture, 

84 

Landscape  Gardening,  . 

84 

Language  and  Literature, 

119 

Mathematics  and  Civil  Engineer- 

ing,          .... 

104 

Microbiology, 

107 

Description  of  courses 

—  Concluded. 

Military  Science, 

139 

Physical  Education, 

141 

Physics,        .... 

110 

Pomology,   .... 

86 

Poultry  Husbandry, 

74 

Public  Speaking, 

122 

Rural  Engineering, 

76 

Rural  Home  Life, 

137 

Rural  Journalism, 

121 

Rural  Sociology,  . 

•   135 

Vegetable  Gardening,    . 

89 

Veterinary  Science, 

112 

Zoology,       .... 

114 

Division  of  Agriculture, 

67 

Horticulture, 

79 

Humanities, 

117 

Rural  Social  Sciences,    . 

129 

Science,        .... 

92 

Experiment  station,     . 

11 

Experiment  station  staff. 

20 

Extension  service. 

177 

Extension  service  staff, 

22 

Faculty,  members  of  the. 

16 

Faculty,  standing  committees  of  the. 

26 

General  information,   . 

185 

Graduate  assistants, 

25 

Graduate  school. 

145 

Historical  statement. 

11 

Infirmary, 

194 

Laboratory  fees. 

188 

Library, 

143 

Library  staff, 

24 

Major  system,     . 

44 

Members  of  the  corporation, 

14 

Military  Science  and  Tactics,   Depart- 

ment of,   . 

139 

Officers  of  the  institution,     . 

16 

Physical  Education  and  Hygiene,  De- 

partment of,      . 

141 

Prizes,        ..... 

197 

Registration,  1921,  1922,      . 

203 

Roll  of  students. 

203 

Rooms,       ..... 

192 

Short-course  enrollment. 

215 

Short  courses,     .... 

169 

Student  accounts. 

193 

Activities,    .... 

195 

Aid 

192 

Enrollment,           .          . 

203 

Expenses,    .          .          .          . 

187 

Relations,    .... 

193 

Trustees  of  the  college. 

14 

Women  students. 

192 
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Massachusetts  Agricultural  Experiment  Station. 


Trustees. 


OFFICERS   AND    STAFF. 

COMMITTEE. 

Chables  H.  Preston,  Chairman  .  Hathorne. 

Arthur  W.  Gilbert        .          .  .  Belmont. 

{  Arthur  G.  Pollard         .          .  .  Lowell. 

Harold  L.  Frost    ....  Arlington. 

Carlton  D.  Richardson          .  .  West  Brookfield. 

The  President  of  the  College,  ex  officio. 


Administration . 


Agricultural 
Economics. 


Agriculture. 
Botany. 


Cranberry  Station. 


Entomology. 


Horticultural 
Manufactures. 

Market  Gardening 
and  Market- Garden 
Field  Station. 


STATION   STAFF. 
Sidney  B.  Haskell,  B.Sc,  Director. 
Joseph  B.  Lindsey,  Ph.D.,  Vice-Director. 
Fred  C.  Kenney,  Treasurer. 
Henry  S.  Green,  A.B.,  LL.D.,  Librarian. 
Mrs.  Lucia  G.  Church,  Secretary  to  the  Director. 
Miss  F.  Ethel  Felton,  A.B.,  Clerk  and  Editorial  As- 
sistant. 

Alexander  E.  Cance,  Ph.D.,  Professor. 
Miss  LoRiAN   P.  Jefferson,   M.A.,  Assistant  Research 
Professor. 

Edwin  F.  Gaskill,  B.Sc,  Assistant  Research  Professor. 
Robert  L.  Coffin,  Investigator. 

A.  Vincent  Osmun,  M.Sc,  Professor. 

Paul  J.  Anderson,  Ph.D.,  Professor. 

Orton  L.  Clark,  B.Sc,  Assistant  Professor. 

Webster  S.  Krout,  M.A.,  Assistant  Research  Professor, 

Miss  Anna  M.  Wallace,  M.A.,  Curator. 

Miss  Gladys  I.  Miner,  Stenographer. 

Alyn  S.  Ball,  Laboratory  Assistant. 

Henry    J.    Franklin,    Ph.D.,    Research    Professor    in 
Charge. 

Henry  T.  Feenald,  Ph.D.,  Professor. 

Arthur  I.  Bourne,  A.B.,  Assistant  Research  Professor, 

Harlan  N.  Worthley,  B.Sc,  Investigator. 

Miss  Bridie  E.  O'Donnell,  Stenographer. 

Walter  W.  Chenoweth,  M.Sc,  Professor. 


Harold  F.  Tompson,  B.Sc,  In  Charge,  Market-Garden 
Field  Station. 


Meteorology. 
Microbiology. 


Plant  and  Animal 
Chemistry. 


Pomology. 


Poultry  Husbandry. 


Veterinary  Science. 


John  E.  Ostrander,  A.M.,  C.E.,  Meteorologist. 

Charles  E.  Marshall,  Ph.D.,  Professor. 
Arao  Itano,  Ph.D.,  Assistant  Professor. 

Joseph  B.  Lindset,  Ph.D.,  Chemist. 
Edward  B.  Holland,  Ph.D.,  Research  Professor. 
Feed  W.  Morse,  M.Sc,  Research  Professor. 
Carlton  P.  Jones,  M.Sc,  Assistant  Research  Professor. 
Carlos  L.  Beals,  M.Sc,  Assistant  Research  Professor,  i 
John  G.  Archibald,  B.Sc.Agr.,  Assistant  Research  Pro- 
fessor. 2 
Charles  O.  Dunbar,  B.Sc,  Investigator. 
Harry  L.  Allen,  Laboratory  Assistant. 
James  R.  Alcock,  Assistant  in  Animal  Nutrition. 
Miss  Margaret  C.  Eppler,  Clerk. 

Fred  C.  Sears,  M.Sc,  Professor. 
Jacob  K.  Shaw,  Ph.D.,  Research  Professor. 
Arthur  P.  French,  B.Sc,  Investigator. 
Miss  Etheltn  Streeter,  Stenographer. 

John  C.  Graham,  B.Sc,  Professor. 

Hubert  D.  Goodale,  Ph.D.,  Research  Professor. 

Miss  Ruby  Sanborn,  A.B.,  Clerk. 

Miss  Doris  Tower,  Stenographer. 

James  B.  Paige,  B.Sc,  D.V.S.,  Professor.  ^ 
G.  Edward  Gage,  Ph.D.,  Professor  of  Animal  Pathol- 
ogy, Acting  Head  of  Department. 
John  B.  Lentz,  V.M.D.,  Assistant  Research  Professor. 


CONTROL   SERVICE. 

Miss  Ethel  M.  Bradley,  B.Sc,  Analyst,  Feed  Control. 

Ray  a.  Carter,  Collector  of  Blood  Samples,  Poultry  Disease  Elimination. 

Oliver  S.  Flint,  B.Sc,  Analyst,  Poultry  Disease  Elimination. 

Henri  D.  Haskins,  B.Sc,  Official  Chemist,  Fertilizer  Control. 

James  T.  Howard,  Inspector,  Feed  and  Fertilizer  Control. 

Ann  Smith,  Analyst,  Poultry  Disease  Elimination. 

Philip  H.  Smith,  M.Sc,  Official  Chemist,  Feed  Control. 

Raymond  W.  Swift,  B.Sc,  Analyst,  Fertilizer  Control. 

Lewell  S.  Walker,  B.Sc,  Assistant  Official  Chemist,  Fertilizer  Control. 

Miss  Cora  B.  Geover,  Stenographer,  Control  Service. 


1  On  leave. 


2  Temporary  appointment. 


REPORT  OF  THE  DIRECTOR. 


SIDNEY   B.  HASKELL. 


REVIEW  OF  THE  YEAR. 

The  year  just  past  has  seen  the  completion  of  reorganization 
of  station  work  on  a  project  basis.  There  have  been  a  num- 
ber of  difficulties  in  attaining  this  end,  among  them  being  the 
fact  of  many  long-continued  pieces  of  work,  started  in  some 
cases  nearly  thirty  years  ago,  which  were  not  adapted  to  present 
methods  of  project  organization.  Through  committee  service, 
however,  all  such  projects  have  now  been  subjected  to  strict 
analysis.  Some  of  the  older  projects  have  been  reorganized; 
others  have  been  brought  to  completion  and  await  only  suitable 
time  for  publication.  In  making  report  on  the  present  project 
organization  of  the  station,  it  seems  best  to  ignore  departmental 
organization  save  in  a  minor  way,  and  to  classify  on  the  basis 
of  service  expected  of  the  projects. 

Utilization  of  Station  Work. 

A  most  encouraging  development  of  the  year  has  been  the 
increased  utilization  of  station  work  in  several  lines  of  agricul- 
tural endeavor.  As  concrete  illustration,  the  organization  by 
the  Massachusetts  Fruit  Growers'  Association  of  a  nursery 
certification  plan,  whereby  damage  and  loss  arising  from  the 
old  difficulty  of  orchard  stock  being  found  untrue  to  name  may 
be  obviated,  is  a  direct  result  of  an  investigation  started  some 
eight  years  ago  by  Dr.  Shaw  of  the  Department  of  Pomology. 
The  work  of  the  Department  of  Botany  has  likewise  found 
immediate  application  in  at  least  two  different  directions,  — 
first,  in  giving  to  the  tobacco  growers  of  the  Connecticut 
valley  a  method  whereby  "tobacco  wildfire,"  a  disease  com- 
paratively new  in  this  section,  may  be  controlled  by  spraying 
of  the  seed-bed;    and  secondly,  the  demonstration,  through  the 
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excellent  work  done  in  the  eastern  part  of  the  State,  in  co- 
operation with  the  Nashoba  Fruit  Growers'  Association  and 
several  of  the  county  farm  bureaus,  that  the  apple  scab,  a 
disease  which  caused  very  serious  financial  loss  in  1920,  can  be 
controlled.  The  bringing  together  in  bulletin  form  of  available 
information  on  the  composition,  nature  and  properties  of  in- 
secticides and  fungicides,  through  the  Departments  of  Chemis- 
try, Entomology  and  Botany,  is  a  service  to  fruit  growers  and 
general  farmers  for  which  they  seem  to  be  most  appreciative. 
The  work  done  in  the  Department  of  Plant  and  Animal 
Chemistry  in  studying  the  possibility  of  successful  preservation 
of  apple  pomace  promises  to  bring  into  general  use  a  home- 
produced  by-product  of  manufacturing  which  has  heretofore 
been  largely  wasted.  The  work  done  in  the  same  department 
and  in  the  Department  of  Agriculture,  extending  back  for  a 
period  of  years,  on  the  effectiveness  of  ammonium  sulfate  is 
also  very  timely,  in  view  of  the  greatly  increased  national  pro- 
duction of  this  commodity.  Space  will  not  permit  of  more 
detailed  illustrations. 

Changes  in  Staff. 

There  have  been  six  resignations  during  the  year;  one  partial 
transfer  of  a  station  worker  to  the  teaching  department  of  the 
institution;  one  staff  officer  retired  through  the  automatic 
provisions  of  the  retirement  law;  and  four  appointments  to 
new  positions.     In  detail  these  changes  are  as  follows :  — 

Miss  Anne  C.  Messer,  investigator  in  chemistry,  resigned 
Jan.  31,  1921,  on  account  of  ill  health,  after  a  little  more  than 
a  year  of  efficient  service.  The  position  has  been  filled  by  the 
appointment  of  Mr.  Charles  O.  Dunbar,  a  recent  graduate  of 
the  College. 

Miss  Rebecca  L.  Mellor,  clerk  in  the  Department  of  Plant 
and  Animal  Chemistry,  resigned  July  13,  1921.  Miss  Mellor 
had  given  very  satisfactory  service  for  a  period  of  seven  and 
one-half  years.  Miss  Margaret  Eppler  has  been  appointed  in 
her  place. 

Miss  Marguerite  G.  Ickis,  curator  in  botany,  resigned  her 
position  July  31,  1921.  Among  other  items  of  service  to  the 
station  and  institution  particularly  noteworthy  is  the  excellence 
of  her  photographic  work  on  difficult  subjects.     This  work  has 
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added  value  to  the  publications  of  her  department,  and  will 
continue  to  add  value  as  her  work  is  published  in  years  to  come. 
Miss  Anna  M.  Wallace  of  Smith  College  has  been  appointed 
curator. 

Mr.  Charles  R.  Green  resigned  as  station  librarian  in  August. 
For  thirteen  years  Mr.  Green  has  served  in  the  dual  position  of 
librarian  for  the  College  and  for  the  Experiment  Station.  His 
zeal  in  the  building  up  of  a  real  scientific  library  was  unflagging. 
His  never-failing  courtesy  in  helping  our  men  to  obtain  litera- 
ture on  various  subjects  made  his  services  greatly  appreciated 
and  his  loss  to  the  station  staff  all  the  more  keenly  felt.  Dr. 
Henry  S.  Green  has  been  appointed  librarian. 

On  Aug.  10,  1921,  Dr.  George  H.  Chapman,  who  had  been 
in  the  service  of  the  institution  since  1907,  resigned  his  position 
as  research  professor  of  botany  to  take  up  research  work  with 
the  newly  organized  Connecticut  Valley  Tobacco  Improvement 
Association.  Dr.  Chapman's  loss  is  much  to  be  regretted. 
He  has  had  wide  experience  in  his  subject-matter,  and  par- 
ticularly as  a  specialist  on  certain  problems  connected  with  the 
production  of  tobacco.  He  had  several  times  visited  the 
tobacco  sections  of  Porto  Rico  as  expert  in  the  employ  of 
large  tobacco  companies,  and  in  this  and  other  ways  had 
fitted  himself  to  render  expert  service  to  this  relatively  im- 
portant Massachusetts  industry.  Despite  the  loss  to  the  in- 
stitution incurred  by  his  resignation,  it  is  gratifying  to  know 
that  Dr.  Chapman  will  continue  in  research  work,  although 
under  different  auspices.    The  position  has  not  been  filled. 

Under  date  of  Jan.  21,  1921,  Mr.  C,  L.  Beals,  assistant 
research  professor  of  chemistry,  asked  for  a  year's  leave  of 
absence  without  pay,  in  order  to  enter  upon  research  work  in 
preservation  of  milk  by-products  for  the  Sheffield  Farms 
Company  of  Hobart,  New  York.  Toward  the  end  of  the  year 
Mr.  Beals  signified  his  intention  of  resigning,  thus  withdrawing 
permanently  from  the  work  of  the  station.  It  is  with  regret 
that  we  have  felt  obliged  to  recommend  that  the  resignation  be 
accepted,  for  Mr.  Beals  had  shown  great  promise  as  an  in- 
vestigator. Here  again,  however,  the  apprenticeship  served  by 
Mr.  Beals  in  the  station  has  fitted  him  for  an  important 
research  position,  —  a  position  in  which  success  will  ultimately 
react  to  the  benefit  of  dairy  farmers  the  country  over.     The 
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position  has  been  filled  by  Mr.  John  G.  Archibald,  a  graduate 
of  the  Agricultural  College  at  Guelph,  Ontario, 

As  of  June  1,  1921,  Dr.  J.  B.  Lentz  was  transferred  from  full 
time  in  Experiment  Station  service  to  half-time  instructional 
work  and  half-time  station  work.  This  transfer  was  made 
necessary  by  the  illness  of  Dr.  James  B.  Paige,  head  of  the 
Department  of  Veterinary  Science. 

On  November  20  Dr.  William  P.  Brooks,  formerly  director 
of  the  Experiment  Station,  and  for  nearly  thirty  years  agri- 
culturist of  the  station,  but  more  recently  consulting  agricul- 
turist, was  placed  on  full  retirement  by  the  State  Board  of 
Retirement,  having  reached  the  age  of  seventy  years.  Dr. 
Brooks  was  best  known  because  of  the  technical  and  scientific 
work  done  during  the  time  over  which  he  was  agriculturist  of 
the  station.  He  imported  to  this  country  the  first  trial  lot  of 
Japanese  millet,  a  crop  which  has  made  a  place  for  itself  on 
nearly  all  dairy  farms  in  the  northeastern  part  of  the  country. 
He  also  was  instrumental  in  importation  and  early  trials  of  the 
Japanese  soy  bean,  a  crop  which  has  become  important  in  many 
sections,  but  which,  as  it  happens,  has  not  yet  established 
itself  in  the  North.  Dr.  Brooks  also  was  an  acknowledged 
expert  on  fertilizer  use,  and  during  his  many  years  with  the 
station  developed  this  branch  of  the  work  to  a  very  great 
degree.  It  is  with  gratification  that  we  report  that,  despite 
automatic  retirement  under  the  above-mentioned  law,  his 
services  will  still  be  available  to  the  station  in  a  consulting 
capacity. 

Mr.  Arthur  P.  French  of  Ohio  State  University  was  appointed 
investigator  in  pomology  and  began  work  in  July. 

The  poultry  disease  elimination  work  was  reorganized  in 
September,  with  the  following  appointments:  Oliver  S.  Flint, 
specialist  in  charge;  Miss  Ann  Smith,  laboratory  assistant; 
and  Ray  A.  Carter,  collector  of  blood  samples. 

Changes  in  Equipment  Organization. 

During  the  year  the  Harlow  farm,  so  called,  was  added  to 
the  land  equipment  of  the  Experiment  Station.  This  area  has 
been  under  the  supervision  of  the  Department  of  Pomology, 
and  the  transfer  represents  nothing  more  than  an  attempt  to 
maintain  existing  educational  values  on  this  tract  and  add  to 
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them  certain  research  values.  The  total  area  is  in  the  neigh- 
borhood of  thirty  acres,  about  one-half  of  which  is  already 
planted  and  brought  under  definitely  organized  projects.  The 
remaining  area  must  be  underdrained  before  it  can  be  effectively 
used.  A  project  for  this  purpose  has  already  been  submitted. 
Once  this  is  done,  the  land  so  improved  will  be  available  for 
experiments  with  small  fruits,  blueberries,  and  possibly  other 
native  fruits. 

In  the  summer  of  1920  definite  decision  was  reached  to  the 
effect  that  the  Tillson  farm  should  be  developed  as  an  experi- 
mental poultry  farm.  Projects  were  submitted  for  the  equip- 
ment of  this  farm  so  as  to  admit  of  permanent  housing  of 
station  flocks,  and  to  avoid  the  danger  of  disease  contamination 
which  comes  from  housing  them  on  a  part  of  the  institutional 
grounds  frequently  visited  by  poultrymen  from  all  over  the 
State.  Since  money  was  not  appropriated  for  this  purpose,  the 
Department  of  Poultry  Husbandry  is  still  laboring  under  a 
severe  handicap.  Some  progress  has  been  made,  however,  in 
the  development  of  the  farm  for  the  purpose  in  question.  The 
rough  pasture  land  not  suited  for  tillage  purposes  is  being 
developed  for  range  purposes,  the  other  area  utilized  for  the 
time  being  in  several  pieces  of  miscellaneous  experimental 
work. 
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Publications  of  the  Year. 

Annual  Report. 
Thirty-third  annual  report : 

Part    I.    Report  of  the  Director  and  Other  Officers;  60  pages. 

Part  II.    Detailed   Report   of   the   Expermient   Station;     136   pages 

(Bulletins  Nos.  195-200). 
Combined  Contents  and  Index,  Parts  I  and  II;  16  pages. 

Btdletins. 
No.  201.     Insecticides  and  Fungicides  for  Farm  and  Orchard  Crops  in 

Massachusetts,  by  E.  B.  Holland,  A.  I.  Bourne  and  P.  J.  Anderson; 

38  pages. 
No.  202.    Rust  of  Antirrhinum,  by  William  L.  Doran;  28  pages. 
No.  203.     Tobacco  Wildfire:    Preliminary  Report  of  Investigations,  by 

G.  H.  Chapman  and  P.  J.  Anderson;   16  pages. 
No.  204.    Thirty  Years'  Experience  with  Sulfate  of  Ammonia,  by  F.  W. 

Morse;  16  pages. 
No.  205.    The  Nutritive  Value  of  Cattle  Feeds.    3.  Dried  Apple  Pomace 

for  Farm  Stock,  by  J.  B.  Lindsey,  C.  L.  Beals  and  J.  G.  Archibald; 

14  pages. 
No.  206.    Eighth  Report  of  the  Cranberry  Station,  by  H.  J.  Franklin; 

20  pages. 

Bulletins,  Technical  Series. 
No.  4.    Development  and  Pathogenesis  of  the  Onion  Smut  Fungus,  by 
P.  J.  Anderson;  36  pages. 

Bulletins,  Popular  Edition. 
No.  201.    Insecticides  and  Fungicides  for  Farm  and  Orchard  Crops  in 

Massachusetts,  by  E.  B.  Holland,  A.  I.  Bourne  and  P.  J.  Anderson; 

16  pages. 

Bulletins,  Control  Series. 
No.  15.    Inspection  of  Commercial  Feedstuffs,  by  Philip  H.  Smith  and 

Ethel  M.  Bradley;  34  pages. 
No.  16.    Inspection  of  Commercial  FertiHzers,  by  H.  D.  Haskins,  L.  S. 

Walker  and  R.  W.  Swift;  40  pages. 
No.  17.    Inspection  of  Lime  Products  Used  in  Agriculture,  by  H.  D. 

Haskins,  L.  S.  Walker  and  R.  W.  Swift;  8  pages. 

Meteorological  Reports. 
Nos.  385-396,  inclusive,  4  pages  each. 
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REPORT   ON   PROJECTS. 

Plant  Nutrition. 

Chemical  Investigations. 
Department  of  Plant  and  Animal  Chemistry. 

Project  6.     "Lime  absorption  and  acidity  of  Field  A." 

Professor  MoksE  and  Assistant  Professor  JonEs. 

This  study  of  the  application  of  fundamental  laws  affecting 
solubility  in  the  soil  solution  has  led  to  important  results  which 
are  now  being  prepared  for  publication.  Following  this  it  is 
expected  that  a  chemical  study  will  be  made  of  the  reaction 
between  nitrate  of  soda,  muriate  of  potash  and  lime  as  mani- 
fested by  the  composition  of  the  drainage  water. 

Project  7.  "Effect  of  sulfate  and  muriate  of  potash  on  the 
soils  of  Fields  A  and  B." 

Professor  MoRSE  and  Assistant  Professor  Jones. 

I 

Work  on  this  project  is  being  carried  on  in  connection  with 

that  of  the  one  immediately  preceding. 

Project  14.  "A  study  of  the  availability  of  soil  potash,  with 
the  object  of  developing  a  system  of  diagnosis  for  soils  of  the 
State." 

Professor  MoRSE  and  Assistant  Professor  JonEs. 

This  work  supplements  that  carried  on  some  years  back  by 
former  Director  Brooks  in  the  investigation  of  subsoil  potagh, 
and  during  this  past  year  was  confined  to  an  attempt  at 
measuring  the  effect  of  moisture  on  the  availability  of  soil 
potash. 

Microbiological  Investigations. 
Department  of  Microbiology. 

Project  2.  "Soil  fertility  as  influenced  by  micro-organisms 
in  their  relation  to  the  presence  and  disappearance  of  organic 
matter." 

Assistant  Professor  Itano  and  Mr.  Sanborn. 

Particular  attention  has  been  given  to  the  activities  of 
Azotobacter   and   Bacillus   radicicola   in  their  relation  to   those 
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organic  matters  which  are  known  as  "growth  accessory  sub- 
stances." An  electrometric  method  for  the  determination  of 
carbon  dioxide,  which  was  developed  last  year,  has  been  em- 
ployed in  the  investigation.  The  results  of  the  investigation, 
together  with  the  method  used,  will  be  ready  for  publication 
in  the  near  future.  There  has  also  been  a  study  made  of  the 
microbial  decomposition  of  cellulose. 

Physiological  Investigations. 
Department  of  Botany. 

Project  1.    "Optimum  conditions  of  light  for  plant  response." 

Assistant  Professor  Clark. 

This  project  was  started  in  1915  under  the  Adams  fund.  At 
present  the  work  is  divided  into  two  parts:  "A  study  of  the 
light  requirements  of  field  and  garden  crops,"  and  "Study  of 
the  effect  of  ultra-violet  light  on  plant  growth."  The  investi- 
gation is  carried  on  both  in  the  greenhouse  and  out  of  doors, 
and  by  natural  as  well  as  by  artificial  light. 

Project  15.     "Plant  stimulation  by  formaldehyde." 


Owing  to  Dr.  Chapman's  resignation  from  the  station  staff, 
no  work  has  as  yet  been  done  on  this  project. 

Department  of  Pomology. 

Project  1.     "Study  of  the  interrelation  of  stock  and  scion  in 
apples." 

Professor  Shaw. 

This  project  was  begun  in  1912,  and  the  main  orchard  set 
in  1915  and  1916.  A  new  orchard  of  450  trees  was  set  in  the 
spring  of  1921  from  the  surplus  trees  on  known  roots  in  the 
nurseries,  in  which  it  is  planned  to  investigate  the  nature  of ' 
the  graft  union  between  certain  varieties.  In  resetting  these 
trees  the  relation  of  crown  gall  to  different  varieties  was 
studied  and  data  collected  showing  that  each  root  variety  ' 
exhibits  a  special  form  of  the  gall,  and  that  some  varieties  are 
highly  resistant  to  the  disease.  No  reports  on  this  project 
have  as  yet  been  published. 
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Project  12.     "Apple  variety  fruit  spur  study." 

Professor  Shaw  and  Assistant  Professor  Drain. 

This  project  comprises  a  detailed  study  of  individual  fruit 
spurs,  in  an  endeavor  to  define  the  service  and  functions  of 
pruning  and  fertilizing  in  modifying  fruit-bud  formation  and 
fruit  production.  The  field  work  is  checked  by  chemical 
study  of  the  elaboration  of  food  in  the  fruit  spur,  and  by 
micro-chemical  tests. 

Project  14.     "Winter  injury  of  brambles." 

Professor  Shaw,  Professor  Morse  and 
Assistant  Professor  Clark. 

This  project,  co-operative  between  the  Departments  of 
Botany,  Chemistry  and  Pomology,  was  organized  to  investi- 
gate the  cause  of  the  winterkilling  of  brambles  as  apparently 
brought  about  by  differential  fertilization  with  potash  salts. 
This  winterkilling  was  observed  again  and  again  on  some  of 
the  plot  work  initiated  by  Dr.  Goessmann  years  back,  but  was 
never  satisfactorily  explained.  In  an  attempt  to  solve  this 
problem  both  chemical  and  physiological  tools  are  being  used. 

Soil  Management  and  Fertilizer  Tests. 

Department  of  Agriculture. 

Project  1.     "Comparison  of  nitrogenous  fertilizers." 

Professor  Morse  and  Assistant  Professor  Gaskill. 

This  investigation  is  co-operative  with  the  Department  of 
Plant  and  Animal  Chemistry.  While  the  experiment  was 
originally  instituted  to  study  the  relative  value  of  different 
sources  of  fertilizer  nitrogen,  the  greatest  contributions  have 
been  incidental  to  what  was  considered  the  main  objective. 
The  possibility  of  maintaining  yields  almost  indefinitely  without 
the  use  of  fertilizer  nitrogen  has  been  demonstrated.  Certain 
problems  of  soil  acidity  have  been  studied,  and  the  presence  in 
acid  soils  of  certain  toxic  substances  experimentally  proved. 
The  latest  contribution  from  this  field  was  in  the  publication  of 
Bulletin  No.  204,  entitled  "Thirty  Years'  Experience  with 
Sulfate  of  Ammonia." 
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Project   3.      "Residual   value    of  excess    phosphate    applica- 
tions." 

Assistant  Professor  Gaskill. 


In  this  project  attempt  is  being  made  to  utilize  reserves  of 
phosphoric  acid  built  up  in  the  soil  from  past  fertilizer  treat- 
ment. One  of  the  older  station  plots,  having  an  unbroken 
history  of  twenty-five  years,  is  now  being  used  for  this  work. 
The  experiment  as  changed  is  now  in  its  second  year,  and 
hence  has  not  given  definite  results. 

Project  4.  "Methods  of  applying  lime,  and  quantity  of 
application." 

Assistant  Professor  Gaskill. 

In  preparing  land  for  future  alfalfa  crops,  limq  has  been 
applied  in  varying  rates,  plowed  under,  harrowed  into  the 
surface,  and  both  plowed  under  and  harrowed  in.  The  plots 
are  repeated  in  quintuplicate. 

Project  6.     "Top-dressing  permanent  grasslands." 

Assistant  Professor  Gaskill. 

Certain  areas  of  land  formerly  used  for  experimental  work, 
but  which  were  in  old  sod  at  the  beginning  of  the  experiment, 
are  being  used  in  this  test.  The  fertilizer  applications  are 
purposely  kept  at  a  low  rate.  The  results  of  the  first  year,  as 
might  have  been  expected,  emphasize  the  great  importance  of 
nitrogen  in  producing  heavy  yields  of  grasses* 

Project  7.  "An  attempt  to  restore  productive  fertility  to 
worn-out  and  maltreated  soils." 

Assistant  Professor  Gaskill. 

This  project  was  initiated  in  the  spring  of  1921.  The  plots 
of  the  old  South  Soil  Test,  which  had  received  differential 
fertility  treatment  for  over  thirty  years,  and  in  some  cases 
reached  a  very  low  state  of  productiveness,  furnish  the  basis 
for  the  study.  The  results  the  first  year  indicate  an  astonish- 
ingly rapid  and  marked  response  to  present  rational  treatments. 
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Department  of  Botany. 

Project  13.     "Ecological  study  of  pasture  vegetation." 

Professor  OsMUN  and  Director  Haskell. 

This  project  is  co-operative  with  the  Department  of  Agri- 
culture. Its  primary  object  is  to  determine  the  effect  of 
chemical  fertilizers  and  lime  on  natural  pasture  vegetation,  in 
the  hope  of  making  some  contribution  toward  solving  the 
problem  of  bringing  run-down  pastures  to  a  state  of  produc- 
tivity. In  the  pasture  on  the  Tillson  farm  a  number  of  plots 
of  equal  area  were  selected,  each  dominated  by  a  different  type 
of  vegetation  characteristic  of  run-down  pastures.  These  were 
designated  as  "moss  area,"  "cinquefoil  area,"  etc.,  according 
to  the  principal  plant  growths  which  they  embraced.  The 
attempt  is  being  made  to  determine  the  specific  effect  on  each 
dominating  type  of  vegetation  of  treatment  given,  and  likewise 
the  possibility  of  enabling  clover  and  the  grasses  to  successfully 
compete  with  these  types  of  natural  vegetation. 


Market-Garden  Field  Station. 
Project  1.     "Manure  economy  tests." 


Professor  Tompson. 


Work  under  this  project  was  started  in  1918,  in  an  attempt 
to  solve  the  serious  fertility  problems  developed  through  in- 
creasing shortage  of  animal  manures.  Results  to  date  indicate 
that  the  amount  of  manure  as  used  by  market  gardeners  may 
be  greatly  reduced  in  case  the  manure  is  supplemented  with 
chemical  fertilizers. 

Project  5.     "Growth  control  by  means  of  intercropping." 

Professor  Tompson. 

Work  under  this  project  represents  an  attempt  to  use  cover 
crops,  intersown,  in  controlling  the  growth  of  certain  vegetables 
in  the  same  way  that  cover  crops  as  used  in  the  orchard  are 
supposed  to  control  tree  growth.  The  fertilizer  schedule  in 
this  work  is  so  arranged  as  to  produce  rapid  and  luxuriant 
growth  during  the  first  part  of  the  season,  it  being  expected 
that  the  intercrop  will  relieve  the  soil  of  any  surplus  as  the 
ripening  period  approaches.  This  project  was  started  in  the 
spring  of  1921. 
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Department  of  Pomology. 

Project  5.  "Comparison  of  cultivation  and  sod  mulch  in  a 
bearing  orchard." 

Professor  Shaw  and  Mr.  French. 

This  project  was  started  in  the  spring  of  1921  on  a  ten- 
year-old  orchard  of  Baldwin,  Mcintosh,  Wealthy  and  Olden- 
burg, on  the  Harlow  farm.  The  area  is  about  three  acres  and 
is  divided  into  seven  plots,  three  of  which  are  to  be  seeded  to 
Kentucky  blue  grass  and  to  receive  300  pounds  of  nitrate  of 
soda  per  acre.  The  other  four  plots  are  to  be  cultivated  with 
a  cover  crop  and  are  to  receive  little  or  no  fertilizer. 

Project  6.  "Comparison  of  clover  and  grass  in  a  sod  mulch 
orchard." 

Professor  Shaw  and  Mr.  French. 

The  trees  on  the  area  assigned  to  this  project  were  planted  in 
1911  and  consist  of  Wagener,  Wealthy  and  Oldenburg.  Two 
of  the  five  plots  were  seeded  to  grass  in  the  spring  of  1921, 
and  are  to  receive  a  complete  fertilizer  designed  to  further 
grass  production.  On  the  other  three  plots  the  fertilizer  ap- 
plication is  confined  to  phosphorus  and  potassium,  with  a 
mixture  of  white  clover  and  Kentucky  blue  grass  sown.  It 
is  hoped  by  this  differential  treatment  to  foster  the  growth  of 
clovers,  and  thus  make  measurement  of  the  effect  of  grass  and 
applied  nitrogen  as  against  the  effect  on  the  apple  trees  of 
clover  plus  such  nitrogen  as  it  may  accumulate  from  the  air. 
The  first  effect,  as  might  have  been  expected,  was  more  marked 
on  the  two  plots  receiving  nitrogen. 

Project  7.     "Test  of  fertilizers  in  a  sod  mulch  orchard." 

Professor  Shaw  and  Mr.  French. 

This  orchard  was  brought  under  experiment  in  the  spring  of 
1921,  and  in  area  is  about  two  and  one-fifth  acres.  The 
fertilizer  treatments  include  the  following :  — 

300  pounds  nitrate  of  soda  per  acre  annually. 

300  pounds  nitrate  of  soda]  „ 

„„^  T       •  T    ,       1        r  per  acre  annually. 

300  pounds  acid  phosphate  J 

300  pounds  nitrate  of  soda    1 

300  pounds  acid  phosphate    [  per  acre  annually. 

200  pounds  sulfate  of  potash  J 
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The  whole  orchard  was  plowed  and  harrowed  repeatedly  last 
spring  in  preparation  for  starting  the  experiment,  which 
probably  accounts  for  the  fact  that  while  fertiUzers  had  a 
definite  effect  on  the  cover  crop,  none  could  be  observed  on 
the  trees  themselves. 

Project  8.     "Test  of  cover  crops  for  apple  orchards." 

Professor  Shaw  and  Mr.  French. 

The  crops  used  have  been  red  clover,  buckwheat,  timothy, 
redtop,  weeds,  and  rape,  although  the  latter  crop  made  but  a 
poor  stand.  Individual  tree  records  are  being  taken.  No 
report  on  this  project  has  as  yet  been  made,  and  probably  none 
can  be  made  in  the  near  future. 

Project  15.     "Orchard  fertilization." 

Professor  Shaw  and  Assistant  Professor  Gaskill. 

This  orchard  was  assigned  to  the  Department  of  Pomology  in 
the  spring  of  1921.  Previously  it  has  been  carried  on  as  an 
agricultural  project,  with  reports  made  at  more  or  less  frequent 
intervals  in  the  annual  reports  of  the  Experiment  Station,  the 
last  of  these  reports  being  in  1914.  All  records  of  this  orchard 
have  been  summarized,  and  are  now  nearly  ready  for  publica- 
tion. The  plan  of  fertilization  was  changed  this  last  spring 
to  one  supplying  approximately  equal  amounts  of  nitrogen 
and  phosphoric  acid  to  all  the  fertilized  plots,  but  carrying  on 
the  differential  potash  treatment  as  formerly. 

Project  16.     "Test  of  different  amounts  of  nitrate  of  soda." 
Professor  Shaw  and  Assistant  Professor  Drain. 

This  investigation  was  started  in  the  spring  of  1921,  utilizing 
certain  areas  in  the  College  orchard.  Nitrate  of  soda  is  applied 
at  the  rate  of  5,  10  and  15  pounds  per  tree.  Since  the  effect 
of  the  nitrate  on  fruit  production  is  secured  in  part  through  its 
effect  on  wood  production,  it  will  be  several  years  before  the 
results  will  be  worthy  of  record. 
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Crop  and  Crop  Management  Studies. 

Plant  Introduction. 
Cranberry  Station. 

Project  5.     "  Blueberry  investigations," 

Professor  Franklin. 

This  project  was  commenced  in  1915,  and  is  co-operative 
with  the  Bureau  of  Plant  Industry  of  the  United  States 
Department  of  Agriculture.  About  half  an  acre  of  sandy  soil, 
underlain  with  considerable  peat,  is  now  planted  to  this  crop. 
The  work  includes  a  test  of  selected  versus  unselected  bushes, 
as  transplanted  from  adjacent  woodlands  and  swamps;  trial 
of  new  varieties  as  produced  through  the  efforts  of  Mr. 
Frederick  Coville  of  the  United  States  Department  of  Agricul- 
ture; propagation  work;  and  observation  on  disease  and  insect 
control. 

Department  of  Pomology.  : 

Project  17.  "A  study  of  the  cultivation  of  the  high  bush 
cranberry." 

Professor  Shaw. 

Two  hundred  plants  of  Viburnum  were  received  in  the  spring 
of  1921  from  the  United  States  Department  of  Agriculture 
and  set  out  on  the  Tuxbury  land.  These  plants  are  in  part 
seedlings,  and  in  part  propagated  from  cuttings  from  superior 
plants. 

Strain  and  Variety  Tests. 

Department  of  Agriculture. 

Project  5.  "Test  of  meadow  fescue  versus  timothy  under 
varying  drainage  conditions." 

Assistant  Professor  Gaskill  and  Mr.  Coffin. 

Work  on  this  project  was  started  in  the  summer  of  1921, 
with  two  fairly  well-defined  moisture  conditions  in  the  field, 
and  plots  repeated  in  quadruplicate. 
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Market-Garden  Field  Station. 

Project  4.     "Variety  and  strain  test  of  tomatoes." 

Professor  Tompsojst. 

Twenty-five  different  strains  and  varieties  were  under  test 
during  the  season  of  1921,  eighteen  of  these  in  quadruplicate 
plots,  the  balance  in  simple  duplicates.  A  part  of  this  work 
was  repeated  at  the  home  station  at  Amherst,  so  as  to  reduce 
error  due  to  environment.  The  most  striking  indication  of  the 
year's  work  is  that  differences  in  yield  due  to  soil  conditions 
are  apparently  paramount  over  many  of  the  differences  sup- 
posedly inherent  in  the  seed  itself,  and  due  either  to  breeding 
or  to  the  climatic  environment  in  which  the  seed  is  produced. 


Department  of  Pomology. 

Project  2.     "A  study  of  tree  characters  of  fruit  varieties." 

Professor  Shaw  and  Mr.  French, 

This  project  was  started  in  1912  for  the  purpose  of  getting 
information  which  would  make  possible  the  identification  of 
varieties  in  the  nursery,  and  which  would  also  serve  as  a 
basis  for  the  comparative  studies  to  be  made  in  connection 
with  Project  1,  "Study  of  interrelation  of  stock  and  scion  in 
apples."  The  first  report  was  published  in  1914  as  Bulletin 
No.  159,  under  the  title,  "The  Technical  Description  of 
Apples."  Photographs  of  about  100  varieties  have  been  made, 
and  a  bulletin  discussing  the  identification  of  varieties  by  their 
leaves  is  in  preparation.  So  promising  has  been  the  progress 
made  that  a  phase  of  the  work  has  been  taken  over  by  the 
Massachusetts  Fruit  Growers'  Association,  and  a  plan  developed 
for  the  certification  of  certain  varieties  of  apple  trees  when 
grown  in  the  nursery  row.  In  the  first  work  done  under  this 
plan,  267  out  of  a  total  of  2,847  trees  were  found  to  be  untrue 
to  name,  and  hence  were  refused  certification.  Four  hundred 
and  thirty-eight  younger  trees  propagated  from  trees  found 
untrue  to  name  were  also  found,  making  a  grand  total  of  705 
trees  thus  prevented  from  coming  into  the  hands  of  practical 
fruit  growers  under  incorrect  names. 
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To  supplement  the  leaf  study  work  as  completed,  it  is 
planned  to  make  a  study  of  the  winter  characters  of  the  bark, 
wood  and  buds  of  apple  varieties,  in  the  expectation  that  these 
characters  may  be  of  further  assistance  in  variety  identification, 
and  may  render  possible  the  identification  of  varieties  during 
the  dormant  season. 

Project  13.     "Study  of  varieties  of  tree  fruits." 

Professor  Shaw  and  Assistant  Professor  Gould. 

This  is  an  attempt  to  collect  valuable  data  by  keeping  in- 
dividual tree  records  of  a  number  of  different  varieties  in  the 
College  orchard.  '  It  is  expected  that  it  will  be  possible  to  cor- 
relate the  performance  of  different  varieties  with  certain  of  their 
growth  characters. 

Breeding. 

Market-Garden  Field  Station. 

Project  6.  "Improvement  of  Martha  Washington  as- 
paragus." 

Professor  Tompson. 

The  yield  records  in  1,062  individual  plants  were  taken  during 
the  season,  all  of  these  being  of  the  same  strain  and  supposedly 
representing  a  pure  line.  Wide  differences  were  noted  in  be- 
havior. A  number  of  plants  gave  less  than  five  marketable 
stalks  each,  while  the  best  plant  gave  forty-four.  Thirty-eight 
of  these  forty-four  stalks  were  over  half  an  inch  in  diameter, 
which  indicates  good  quality  as  well  as  high  yield.  Another 
plant  gave  a  crop  of  seventeen  stalks,  of  which  eleven  were 
over  one  inch  in  diameter.  This  study  is  preliminary  to 
a  definite  attempt  at  improvement,  V 

Departvient  of  Pomology.  i 

Project  3.     "The  genetic  composition  of  peaches."  " 

Professor  Shaw. 

Owing  to  weather  conditions  in  the  spring  of  1921,  there 
was  no  fruit  on  the  breeding  orchard  this  past  season.  It  is 
impossible,  therefore,  to  make  a  report  of  progress  at  this 
time. 
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Management. 
Veyartment  of  Pomology. 

Project  4.     "Experiments  in  pruning  apples." 

Professor  Shaw. 

These  experiments  were  started  in  1916,  and  compare  the 
following  methods  of  pruning  apple  trees:  globular  or  vase 
head,  modified  leader  head,  a  new  form  of  the  true  leader 
head,  and  unpruned  head.  Results  to  date  confirm  the  growing 
belief  that  pruning  is  a  dwarfing  process,  and  that  heading 
back  is  detrimental  to  fruit-bud  formation. 

Project  9.     "Testing  methods  of  pruning." 
Project  10.     "Testing  of  pruning  methods  on  Northern  Spy 
and  other  varieties." 

Professor  Shaw. 

These  are  similar  to  the  above  in  scope.  Project  9  is  carried 
out  in  connection  with  Project  8,  "Test  of  cover  crops  for 
apple  orchards." 

Crop  Protection. 
Insect  Enemies  of  Vegetation. 
Department  of  Entomology. 

Project  2.     "Economic  importance  of  digger  wasps." 

Professor  Fernald. 

This  project  was  started  in  1909,  and  represents  an  attempt 
to  establish  the  economic  importance  of  the  digger  wasps  and 
to  determine  the  number  and  kinds  of  insects  which  may  be 
parasitized  by  them.    This  project  is  nearing  completion. 

Project  3.     "Control  of  the  onion  maggot." 

Assistant  Professor  Bourne. 

Work  on  this  project  has  progressed  to  the  point  where  the 
possibility  of  poisoning  the  onion  maggot  fly  before  completion 
of  oviposition  has  been  established.  Owing  to  the  seasonal 
nature  of  the  onion  maggot  attacks,  and  to  the  difficulty  of 
getting  comparable  results  on  areas  widely  separated,  it  has 
not  yet  been  possible  to  organize  field  test  work  on  an  effective 
scale. 


20  a  EXPERIMENT  STATION.  [Jan. 

Project  4.     "Control  of  squash  vine  borer," 

Mr.   WORTHLEY. 

The  work  of  the  past  year  has  developed  tentative  methods 
for  the  control  of  this  insect.  Such  methods  are  now  to  be 
tried  out  on  a  field  scale. 

Project  5.     "Control  of  the  squash  bug." 

Mr.   WORTHLEY, 

Up  to  date,  results  have  been  negative,  in  that  some  of  the 
control  measures  usually  advised  have  been  shown  to  be 
worthless  under  the  conditions  tried.  Positive  results  have  not 
been  secured. 

Project  6.     "Control  of  insects  in  a  candy  factory." 

Professor  Fernald  and  Mr.  Worthley. 

This  work  was  initiated  at  the  urgent  request  of  a  Massa- 
chusetts manufacturer  who  found  his  product  badly  infested 
with  certain  insects.  The  problem  was  that  of  fumigating  to 
destroy  the  insect  without  at  the  same  time  injuring  the  prod- 
uct of  the  factory.  Work  is  completed  and  results  written  up, 
but  not  prepared  for  publication. 

Project  7.  "Studies  of  insect  outbreaks  in  various  locali- 
ties." 

Professor  Fernald. 

This  project  was  started  a  number  of  years  ago,  and  has 
been  continued  through  the  making  of  observations  year  by 
year.  Work  this  last  year  was  confined  to  observations  on  the 
presence  and  development  of  the  corn  ear  worm  and  seed  corn 
maggot. 


Project  8.     "Pest  hmits  in  Massachusetts." 

Professor  Fernald. 

This  project  attempts  to  correlate  the  presence  and  develop- 
ment of  certain  insect  pests  with  geographical  and  climatic 
conditions  in  the  various  parts  of  the  State.  Of  necessity, 
observations  must  be  continued  over  a  long  period  of  years 
before  the  results  will  have  authoritative  value.  i 


I 


i 
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Project  9.  "Number  of  generations  of  codling  moth  in 
Massachusetts  as  related  to  advisability  of  spraying  for  the 
second  generation." 

Assistant  Professor  Bourne. 

This  project  consists  of  observations  on  the  development  of 
second  generation  codling  moths  in  the  different  climatic 
areas  of  Massachusetts. 

Project  10.     "Hatching  dates  for  scale  insects." 

Assistant  Professor  Bourne. 

This  project  takes  in  all  of  the  more  important  scale  insects, 
and  attempts  to  determine  hatching  dates  as  affected  by 
seasonal  developments.  It  is  hoped  that  a  service  of  the  proj- 
ect may  be  the  establishment  of  dates  on  which  spraying  for 
certain  of  these  scale  insects  may  be  effectively  practiced. 

Cranberry  Station. 

Project  1.  "Injurious  and  beneficial  insects  affecting  the 
cranberry." 

Professor  Franklin. 

Dusting  with  lead  arsenate  as  a  control  for  gypsy-moth 
worms  in  their  early  stages  was  tried  on  two  bogs  with  satis- 
factory results.  The  green  spanworm  was  more  prevalent  than 
for  many  years,  destroying  the  promise  of  a  fine  crop  on  two 
areas  of  fifty  and  twenty-five  acres  in  Rochester,  and  on  an 
area  of  two  or  three  acres  in  Carver.  Life  history  studies  on 
this  insect  were  continued.  The  brown  spanworm  practically 
disappeared  as  a  cranberry  pest  this  past  year.  The  fruit 
worm  was  more  destructive  than  for  several  years.  Its  hatching 
date  was  later  than  usual.  Extensive  examinations  and  counts 
proved  that  the  common  parasite  was  abundant.  Wetting  of 
the  cocoons  with  a  solution  of  sodium  cyanide  was  tried  as  a 
possible  new  method  of  control. 
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Plant  Disease  Control. 
Department  of  Botany. 

Project  2.  "Tobacco  investigations  and  a  study  of  so-called 
tobacco  sick  soils." 

Professor  Chapman  and  Professor  Anderson. 

Active  work  on  this  project  was  started  through  a  field 
survey  in  the  summer  of  1916.  The  year  following,  fertilizer 
plots  were  located  on  three  tobacco  farms  in  the  Connecticut 
valley.  With  some  necessary  changes  these  plots  were  con- 
tinued over  four  years,  when  the  experience  gained  made  it 
apparent  that  further  progress  could  be  made  only  on  land 
under  the  complete  control  of  the  station.  Experimental  work 
on  privately  owned  land  was  therefore  discontinued,  being 
replaced  by  experimental  work  carried  on  at  the  Tillson  farm. 
The  reorganized  project  embraces  a  study  of  soil  reaction  as  a 
means  of  controlling  root  rots  of  tobacco;  also  a  study  of  the 
effects  of  soil  reaction  on  the  growth  and  development  of  the 
crop.  M 

Project  3.  "Investigations  of  the  methods  of  controlling 
lettuce  drop." 

Professor  Osmun  and  Assistant  Professor  Krout. 

Although  this  project  was  not  formally  organized  until 
January,  1918,  the  department  had  previously  conducted  many 
investigations  along  this  line.  During  the  year  just  past,  a 
paper  dealing  with  the  more  technical  phases  of  this  work 
was  submitted  for  publication  in  the  Journal  of  Agricultural 
Research.  The  most  striking  result  of  the  investigation  to  date 
is  the  determination  of  the  fact  that  lettuce  drop  may  be 
easily  and  inexpensively  controlled  by  treating  infected  soils 
with  a  formaldehyde  solution.  A  complete  report  of  the 
work  in  bulletin  form  is  in  course  of  preparation. 

Project  5.  "Experimental  spraying  for  the  control  of  cu- 
cumber mildew  under  glass." 

Assistant  Professor  Krout.  : 

Because  but  two  serious  epidemics  of  this  disease  have 
occurred  since  the  project  was  started,  actual  spraying  tests 
have  been  conducted  two  seasons  only.     During  the  summer 
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just  past  greenhouse  cucumbers  were  heavily  attacked,  with 
losses  ranging  from  25  to  60  per  cent.  The  use  of  4-6-50 
Bordeaux  mixture  appears  to  be  profitable,  even  though  any- 
thing approaching  perfect  control  seems  at  present  unattainable. 

Project  6.     "Investigation  of  onion  diseases." 

Professor  Osmun  and  Professor  Anderson. 

Work  under  this  project  has  to  date  been  focussed  on  onion 
smut,  the  most  destructive  disease  of  onions  in  this  State.  A 
technical  paper,  entitled  "  Development  and  Pathogenesis  of 
the  Onion  Smut  Fungus,"  is  now  in  press,  to  be  pubhshed  as  a 
station  bulletin.  Very  striking  results  have  been  obtained 
through  formaldehyde  treatment  of  infected  soils.  The  chief 
difficulty  in  the  application  of  this  method  appears  to  be 
mechanical  limitations  in  machinery  used  for  distribution  of  the 
formaldehyde. 

Project  9.     "Investigation  of  carrot  blight." 

Assistant  Professor  Krout. 

The  causal  organism  of  this  disease  has  been  isolated  and 
studied  under  culture,  work  has  been  done  on  seed  disinfection, 
and  field  plots  have  been  sprayed.  The  work,  however,  has 
not  progressed  far  enough  to  warrant  definite  conclusions. 

Project  10.     "Apple  disease  control  investigations." 

Assistant-  Professor  Krout. 

This  project  was  presented  in  February  of  1921,  in  response 
to  an  urgent  appeal  of  apple  growers  in  the  eastern  part  of  the 
State  for  help  in  controlling  apple  scab  and  black  rot.  Through 
the  co-operation  of  the  Nashoba  Fruit  Producers'  Association 
and  several  of  the  county  farm  bureaus,  transportation  facili- 
ties, spraying  equipment,  labor  and  orchard  space  were  allowed 
the  station  for  carrying  on  this  work.  The  value  of  the 
season's  results  was  somewhat  reduced  by  late  spring  frosts 
which  killed  a  large  part  of  the  fruit  buds.  Indications  to  date 
are  that  proper  spraying  can  control  scab  in  eastern  Massa- 
chusetts. The  best  results  were  obtained  on  plots  where 
Bordeaux  mixture  was  used  for  the  "pink  bud"  spray,  and 
liquid  lime-sulfur  for  later  applications.  Results  from  dusting 
were  inconclusive.  This  work  should  continue  at  least  three 
years  and  probably  longer. 
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Project  14.     "Investigation  on  control  of  tobacco  wildfire." 
Professor  Chapman  and  Professor  Andekson. 

This  project  was  organized  in  May,  1921,  in  response  to  an 
emergency  brought  about  by  the  sudden  and  general  ap- 
pearance of  tobacco  wildfire  in  the  seed-beds  of  the  Con- 
necticut valle}^  Previous  reports  of  its  appearance  had  been 
limited  to  field  outbreaks  at  several  points  in  1919  and  1920. 
Because  of  the  great  importance  of  this  crop  in  the  Con- 
necticut valley,  projects  of  seemingly  lesser  importance  were 
laid  aside  in  order  to  meet  the  emergency.  A  preliminary 
report  on  investigations  was  published  in  the  fall  as  station 
Bulletin  No.  203.  Work  in  greenhouse  and  laboratory  was 
conducted  throughout  the  winter,  and  will  be  carried  to  seed- 
beds and  plots  this  coming  season. 


Cranberry  Station. 

Project  2.     "Cranberry  disease  work." 


Professor  Franklin. 


This  project  was  conducted,  as  heretofore,  in  co-operation 
with  the  Bureau  of  Plant  Industry  of  the  United  States 
Department  of  Agriculture.  Additional  observations  were 
made  on  the  distribution  of  the  "false  blossom"  disease. 
Extensive  cultural  work  was  done  to  determine  the  periods  of 
greatest  infection  from  different  putrefactive  fungi,  and  to 
discover  the  effect  of  June  flooding  on  infection.  Further  tests 
and  observations  on  the  effect  of  reflooding  on  the  "rose 
bloom"  disease  were  made.  Spraying  tests  with  lead  arsenate 
as  a  cranberry  fungicide  were  continued  extensively. 

Spray  Materials  —  Their  Nature  and  Use. 

Department  of  Botany. 

Project  12.     "Tests  of  fungicides  on  potatoes." 

Professor  Osmun  and  Professor  Anderson. 

This  work  was  planned  to  test  the  value  of  various  types  of 
commercial  fungicides  used  for  spraying  potatoes,  in  comparison 
with  home-mixed  Bordeaux,  and  is  co-operative  between  the 
Department  of  Botany,  the  farm  department  and  the  service 
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organization  of  the  Experiment  Station.  The  complete  absence 
of  late  blight  in  the  year  just  past  made  impossible  the  measure- 
ment of  the  action  of  fungicides  on  this  disease.  Yield  records 
indicated  no  appreciable  stimulation  of  growth  by  the  use  of 
Bordeaux. 

Department  of  Plant  and  Animal  Chemistry. 

Project  5.     "Chemistry  of  arsenical  insecticides." 

Professor  Holland  and  Mr.  Dunbar. 

Despite  its  name  this  project  has  practically  become  a  study 
of  the  chemistry  of  insecticides  and  fungicides.  Work  under 
this  project  the  past  year  included  the  preparation  of  Bulletin 
No.  201  in  co-operation  with  the  Departments  of  Entomology 
and  Botany;  and  a  large  amount  of  analytical  work  done  in 
co-operation  with  these  same  departments,  with  the  Depart- 
ment of  Pomology,  and  with  the  State  Department  of  Con- 
servation. Analytical  work  was  done  on  concentrated  lime- 
sulfur,  lime-sulfur  paste,  dry  lime-sulfur,  Sulco  V-B,  Sander's 
dust,  dry  lead  arsenate  and  NuRexo.  Assistance  was  also 
given  in  fumigation  experiments  with  hydrocyanic  acid. 
Determination  of  arsenic  in  the  bodies  of  dead  bees  was  also 
made  to  determine  the  probability  of  death  being  caused  by 
this  substance. 

Project  13.  "A  new  method  for  the  analysis  of  dry  lime- 
sulfur  mixtures." 

Assistant  Professor  Jones. 

Work  on  this  project  has  been  carried  on  at  intervals  for  the 
past  two  years.  Results  are  now  being  prepared  in  manu- 
script form,  in  order  that  the  method  may  be  critically  ex- 
amined as  to  its  accuracy  and  usefulness. 

Department  of  Entomology. 

Project  1.  "Studies  of  causes  of  burning  of  foliage  by 
arsenicals." 

Professor  Fernald  and  Assistant  Professor  Bourne. 

This  project  was  started  in  1908.  Work  has  been  com- 
pleted and  manuscript  prepared  presenting  in  graphic  form  the 
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results  of  over  1,500  separate  observations  on  spray  injury. 
This  will  be  published  as  a  station  bulletin  as  soon  as  oppor- 
tunity allows. 

Project  12.  "Determination  of  the  best  strength  of  lime- 
sulfur." 

Assistant  Professor  Bourne. 

Work  on  this  project  was  commenced  in  the  spring  of  1921. 
Results  as  yet  are  purely  tentative. 

Project  13.  "Study  of  the  possible  injurious  effects  of 
Scalecide  on  trees." 

Assistant  Professor  Bourne. 

This  project  requires  a  study  of  the  cumulative  effect  of  this 
spray.  Work  was  commenced  in  the  spring  of  1921  with  ap- 
plication of  one  dormant  spray.  Final  report  cannot  be  made 
until  the  fact  of  injury,  or  of  no  injury,  be  established. 

Department  of  Pomology.  J 

Project  11.  "To  test  new  spray  materials  as  they  become 
commercially  important." 

Professor  Sears  and  Assistant  Professor  Gould. 

This  project  was  co-operative  between  the  Department  of 
Pomology  and  the  Departments  of  Botany,  Entomology  and 
Plant  and  Animal  Chemistry.  The  following  materials  were 
tested  in  1921 :  — 

Sulco  V.  B.  (1920  and  1921  material).  1 

Grasselli  Lime  Sulfur  paste.  i 

NuRexo  Bordeaux  powder.  ,i| 

These  were  tried  in  comparison  with  dry  lime-sulfur  and 
liquid  lime-sulfur.  All  were  used  with  arsenate  of  lead.  The 
bud  pink  and  calyx  sprays  were  applied  to  several  varieties, 
including  Baldwins  and  Mcintosh.  All  sprays,  even  the 
arsenate  of  lead  alone,  caused  some  burning  of  the  foliage,  but 
this  was  most  serious  where  Sulco  V.  B.  was  used.  The  lime- 
sulfur  paste  was  in  poor  mechanical  condition,  and  there  was 
considerable  injury  from  the  Bordeaux  powder. 
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Annual  Nutrition. 

Animal  Metabolism. 

Department  of  Plant  and  Animal  Chemistry. 

Project  1.     "A  study  of  the  chemistry  of  butter  fat  and  the 
effect  of  food  in  modifying  its  chemical  and  physical  character." 
Professor  Holland,  Assistant  Professor  Archibald 

and  Mr.  Dunbar. 

An  exhaustive  report  has  been  prepared  for  publication  on  the 
studies  relative  to  the  influence  of  breed,  period  of  lactation, 
and  of  the  different  oils  and  fats  in  the  ration  fed,  on  the  com- 
position of  the  resulting  butter  fat.  This  report  includes:  (1) 
composition  of  butter  fat  from  mixed  herd  milk,  grade  Hol- 
steins  and  grade  Jerseys,  on  normal  rations;  (2)  composition 
of  butter  fat  from  the  milk  of  single  animals,  grade  Holsteins 
and  grade  Jerseys,  relatively  fresh  in  lactation,  on  normal 
rations;  (3)  composition  of  butter  fat  from  the  milk  of  single 
animals  of  breeds  stated,  fresh,  intermediate,  and  late  in 
lactation,  on  a  normal  ration;  (4)  composition  of  butter  fat 
from  mixed  milk,  grade  Holsteins,  on  a  normal  ration  and 
with  the  addition  of  different  oils  and  fats;  (5)  summary  of 
data,  together  with  such  general  deductions  as  seem  war- 
ranted. 

Digestibility  of  Feeding  Stuffs. 

Department  of  Plant  and  Animal  Chemistry. 

Project  2.     "Digestion  experiments." 

Professor  Lindsey  and  Assistant  Professor  Archibald. 

The  only  investigation  made  under  this  definite  project  for 
the  last  calendar  year  was  with  feterita,  a  member  of  the  milo 
maize  group.  Digestion  work  was  carried  on,  however,  under 
Projects  11  and  12  of  this  department. 

Project  9.  "Determining  the  digestibility  and  metabolizable 
energy  in  feeds  for  horses." 

Professor  Lindsey  and  Assistant  Professor  Archibald. 

Work  on  this  project  has  been  completed,  and  the  data  ob- 
tained will  shortly  be  assembled  in  manuscript  form. 
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Project  11,  "Determination  of  the  chemical  composition, 
digestibility  and  feeding  value  of  kiln  dried  apple  pomace." 

Professor  Lindsey  and  Assistant  Professor  Archibald. 

This  project  has  been  completed  and  results  published  as 
Bulletin  No.  205  of  the  Experiment  Station. 

Project  12.  "Attempting  to  improve  the  nutritive  value  of 
grain  hulls." 

Professor  Lindsey  and  Assistant  Professor  Archibald. 

There  has  been  considerable  activity  on  this  project.  Data 
concerning  the  effect  of  chemical  treatment  on  oat  hulls  and 
rice  hulls  have  been  obtained.  It  is  expected  to  do  further 
work  with  cottonseed  hulls,  barley  hulls  and  flax  shives.  In 
view  of  the  large  amount  of  these  products  now  produced  in 
the  milling  industry  of  the  country,  and  the  extent  to  which 
such  products  are  used  in  Massachusetts  agriculture,  the  eco- 
nomic significance  of  the  project  is  apparent. 


Animal  Feeding. 

Department  of  Plant  and  Animal  Chemistry. 

Project  10.     "Experiments  in  feeding  pigs." 

Professor  Lindsey  and  Assistant  Professor  Archibald. 

Work  on  this  project  was  confined  to  the  taking  of  records 
on  feeding  of  different  amounts  of  semi-solid  and  dried  butter- 
milk. Results  indicate  these  materials  to  be  uneconomical 
when  used  for  pork  production. 

Project  16.  "Vitamines  as  aids  in  the  production  of  growth 
in  pigs." 

Professor  Lindsey. 

This  investigation  was  undertaken  the  past  season  in  co- 
operation with  the  Department  of  Animal  Husbandry.  The 
work  was  under  the  immediate  oversight  of  a  graduate  student, 
with  expectation  that  it  would  form  a  part  of  a  thesis  for 
advanced  degree.     The  use  of  green  feed,  either  because  of  its 
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service  as  a  vitamine  carrier,  or  for  other  reasons,  improved 
growth.  Corn  germ  meals  were  found  unsatisfactory  as  carriers 
of  vitamines. 

Miscellaneous. 

Department  of  Plant  and  Animal  Chemistry. 

Project  3.     "Summer  forage  crops." 

Professor  Lindsey. 

Work  the  past  season  was  confined  to  the  growing  of  corn 
and  soy  beans,  alone  and  in  combination,  at  different  planting 
rates,  and  by  different  planting  methods.  The  past  history 
of  the  land  used  in  the  experiment,  however,  was  such  as .  to 
render  impossible  the  drawing  of  definite  deductions  from  this 
work. 

Project  4.     "Record  of  the  station  herd." 

Professor  Lindsey. 

This  is  a  continuing  project  in  which  accurate  record  is 
kept  of  the  food  consumed  by  individual  cows,  the  amount  of 
milk  produced,  the  determination  of  milk  soHds  and  milk  fat, 
and  estimation  of  the  food  costs.  As  records  accumulate  this 
work  is  of  increasing  value. 

Studies  of  Heredity  in  Poultry. 

Department  of  Poultry  Husbandry. 

Project  1.     "Broodiness  in  poultry." 

Professor  Goodale. 

The  line  of  attack  includes  the  following:  (1)  Elimination  of 
broodiness  from  the  high  lines  through  suitably  tested  matings. 
The  percentage  of  broodiness  has  now  been  reduced  to  about 
forty.  One  family  of  eleven  daughters  has  been  produced  ap- 
parently entirely  free  from  broodiness,  and  another  and  highly 
inbred  family  shows  but  one  broody  member  out  of  fourteen 
daughters.  (2)  Production  of  intensely  broody  race.  (3) 
Investigation  of  the  effect  of  crossing.  This  w^ork  is  supple- 
mented by  physiological  studies  of  the  different  organs  asso- 
ciated with  the  phenomenon  of  broodiness. 
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Project  2.  "To  determine  the  mode  of  inheritance  of  various 
characters  of  poultry,  and  to  study  factors  governing  form  and 
function." 

Professor  Goodale. 

The  previous  project  really  represents  an  attack  on  one 
phase  of  this  larger  problem.  In  studying  the  inheritance  of 
fecundity  it  was  found  that  this  character  was  split  up  into  at 
least  five  major  elements.  Through  treating  each  of  these 
elements  as  units  steady  progress  is  being  made  in  breeding  for 
increased  egg  production.  In  addition  to  the  foregoing,  con- 
siderable work  is  being  done  on  the  study  of  various  factors  of 
inheritance  and  morphogenesis. 

Animal  Disease  Control. 

Departinejit  of  Veterinary  Science. 

Project  2.  "Methods  of  diagnosis  of  bacillary  white  diar- 
rhea." 

Professor  Gage. 

This  project  is  being  brought  to  a  close,  and  results  and  in- 
terpretations are  being  compiled  in  manuscript  form.  It  is 
expected  that  the  manuscript  will  be  published  as  a  station 
bulletin  some  time  during  the  coming  year.  fl 

Project  3.  "Study  and  control  of  poultry  diseases  in  College 
and  station  flocks," 

Assistant  Professor  Lentz. 

This  represents  a  record  of  control  mjeasures  taken  to  wipe 
out  disease  conditions  as  occurring  in  the  College  poultry  flock 
in  the  spring  and  summer  of  1920,  together  with  a  study  of  the 
effectiveness  of  the  methods  used.  M 

Project  4.  "Study  and  control  of  bovine  abortion  and  com- 
plications in  the  College  herd." 

Assistant  Professor  Lentz. 

As  with  the  foregoing,   this  project  is  largely  a  record   of   | 
means  taken  to  meet  an  outbreak  of  bovine  abortion  in  the 
College  herd.     Records  to  date  indicate  a  very  great  decrease 
in  the  virulency  of  the  disease. 


I 
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Human  Food. 

Department  of  Microbiology. 

Project  1.     "Microbiological  investigations  in  milk." 

Mr.  Avery  and  Mr.  Neill. 

The  past  year  saw  practical  completion  attend  several 
undertakings  bearing  upon  the  presence  of  Streptococci  in 
milk,  and  their  relation  to  other  Streptococci  found  in  disease. 
A  report  on  one  of  these  undertakings  has  been  accepted  for 
publication  in  "Dairy  Science."  This  deals  with  a  study  of  the 
groupings  of  Streptococci  known  as  lactic  Streptococci. 
Another  piece  of  work  which  is  nearly  ready  for  publication 
consists  of  the  study  of  these  Streptococci  in  their  relation  to 
growth  conditions  and  reducing  values  upon  methylene  blue,  a 
reagent  which  has  been  employed  for  a  number  of  years  in 
certain  dairy  determinations. 

Another  aspect  of  this  study  deals  with  the  proteolytic 
action  of  the  lactic  Streptococci  as  compared  with  other 
Streptococci  and  their  capacity  to  produce,  particularly,  amino 
acids  and  ammonia. 

Project  3.  "Canning  investigations  in  the  light  of  normal 
and  resistant  organisms  in  continuous,  fractional  and  pressure 
methods  of  sterilization." 

Professor  Marshall  and  Mr.  McCrimmon. 

Further  work  on  this  project  was  done  during  the  year  in  the 
study  of  the  thermal  death  point  in  connection  with  canning. 
Progress,  however,  has  been  delayed  through  lack  of  the 
necessary  assistance. 

Agricultural  Economics. 

Department  of  Agricultural  Economics. 

Project  1.     "Local  balance  of  trade  in  farm  products." 

Assistant  Professor  Jefferson. 

This  project  was  undertaken  with  a  view  to  discovering 
quantities  of  farm  products  produced  and  consumed  in  several 


32  a  EXPERIMENT  STATION.  [Jan. 

communities  of  the  State,  the  quantities  shipped  out,  and  the 
methods  of  marketing  local  farm  produce.  The  study  was 
begun  in  Holyoke  some  time  ago,  and  this  year  has  been  con- 
tinued in  Fitchburg.  It  is  expected  that  the  study  will  be 
taken  up  in  at  least  two  other  communities  during  the  coming 
year. 

Project  2.  "Methods  and  cost  of  distribution  of  tobacco, 
onions  and  potatoes." 

Professor  Cance  and  Assistant  Professor  Jefferson; 

Work  under  this  project  has  been  continued  and  records 
taken  on  the  production  and  distribution  of  Connecticut 
valley  onions  during  the  years  which  have  elapsed  since  the 
publication  of  Bulletin  No.  169,  "The  Supply  and  Distribution 
of  Connecticut  Valley  Onions."  No  work  has  been  done  during 
the  past  year  on  either  tobacco  or  potatoes. 

Meteorological  Studies. 

Department  of  Meteorology. 

The  recording  day  by  day  of  meteorological  phenomena,  and 
the  publishing  of  monthly  summaries  for  distribution  to  parties 
interested  has  been  continued.  The  year  just  closed  was  the 
thirty-third  over  which  this  work  has  continued.  When  com- 
bined with  the  records  taken  by  the  late  Professor  Snell,  the 
station  has  an  unbroken  meteorological  record  of  eighty-six 
years.  Work  of  this  kind  becomes  more  and  more  valuable 
as  such  records  accumulate. 

Department  of  Entomology. 

Project  11.  "Study  of  area  of  the  late  frosts  as  shown  by 
insect  distribution." 

Professor  Fernald. 

This  is  a  continuing  project,  which  aims  to  establish  the 
correlation  of  certain  late  frost  areas  in  the  State  with  the 
presence  or  absence  of  certain  insects.  Little  work  was  done 
this  past  year  on  account  of  lack  of  opportunity. 
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Cranberry  Station. 

Project  3.  "Weather  observations  with  reference  to  frost 
prediction." 

Professor  Franklin. 

As  in  past  years,  the  United  States  Weather  Bureau  has 
telegraphed  daily  reports  from  the  district  forecaster  in  Boston. 
Further  study  has  been  made  as  to  correlation  of  certain 
meteorological  conditions  and  frost  probability.  Through  the 
co-operation  of  cranberry  growers,  and  under  financial  support 
from  their  association,  frost  warnings  are  now  being  sent  out 
whenever  conditions  necessitate. 


34  a  EXPERIMENT  STATION.  '  [Jan. 


CONTROL  AND  REGULATIVE  WORK. 

By  State  law,  the  enforcement  of  four  different  control  or 
regulative  laws  is  vested  in  the  Experiment  Station.  These 
are  the  fertilizer  control,  provided  for  under  sections  250  to  261 
of  chapter  94  of  the  Revised  Laws  of  Massachusetts;  the  feed 
control,  provided  for  under  sections  225  to  235  of  the  same 
chapter;  the  poultry  disease  elimination,  provision  for  which  is 
found  in  sections  17  and  21  of  chapter  75  of  the  same  laws; 
and  the  inspection  of  dairy  glassware  and  examination  of  milk 
testers,  provided  for  in  sections  25  to  31  of  chapter  94. 

The  immediate  responsibility  for  the  execution  of  all  of  the 
above  laws  is  vested  in  the  Department  of  Plant  and  Animal 
Chemistry,  with  the  exception  of  the  poultry  disease  elimination 
law,  for  which  the  Department  of  Veterinary  Science  is  the 
controlling  agency.  Detailed  reports  of  operations  under  these 
various  control  laws  follow. 

Fertilizer  Control. 

H.  D.  Haskins,  Chemist  in  Charge, 
L.  S.  Walker,  Assistant  Chemist,  R.  W.  Swift,  Analyst. 

During  the  season  of  1921,  109  manufacturers,  importers  and 
dealers  have  secured  certificates  for  the  sale  of  548  brands  of 
fertilizer  and  fertilizing  materials  and  31  lime  compounds. 
The  following  statistics  have  been  gathered  with  reference  to 
the  year's  inspection:  10,567  tons  of  fertiHzer  and  fertiUzing 
materials  were  inspected,  necessitating  the  sampling  of  21,859 
sacks;  199  towns  were  visited;  1,504  samples,  representing 
556  distinct  brands,  were  drawn  from  stock  found  in  the  pos- 
session of  546  agents  or  owners;  302  agents  were  called  upon 
who  had  discontinued  handling  fertilizer;  783  analyses  were 
made.  In  case  of  lime  compounds,  1,106  tons  were  inspected, 
necessitating  the  sampling  of  1,194  sacks;  39  towns  were 
visited;  49  samples,  representing  27  distinct  brands,  were 
drawn  from  stock  found  in  the  possession  of  48  agents  or 
owners;    28  analyses  were  made. 

The  following  table  shows  the  number  of  brands  of  the 
different  materials  which  were  registered  and  sampled,  as  well 
as  the  number  of  analyses  made:  — 
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Materials. 


Brands 
registered. 


Brands 
sampled. 


made. 


Complete  fertilizers 

Ammoniated  superphosphates  .        .        . 

Superphosphates  with  potash   . 

Ground  bone,  tankage  and  dry  ground  fish 

Nitrogen  compounds  .... 

Phosphoric  acid  compounds 

Potash  compounds     .        .        .        .        i 

Wood  ashes 

Pulverized  animal  manures       .        .        . 

Lime  compounds 

Totals 


300 
49 

7 
55 
77 
32 
16 

3 
11 
31 


581 


287 

38 

6 

50 

63 

30 

14 

3 

9 

27 


308 

43 

7 

70 

223 
33 
19 
29 
23 
28 


783 


Full  details  of  the  fertilizer  inspection  work  may  be  found  in 
Bulletin  No.  16,  Control  Series,  published  in  November,  1921; 
and  of  the  lime  inspection  work,  in  Bulletin  No.  17,  Control 
Series,  published  in  December,  1921. 


Fertilizer  Grades  and  Tonnage  sold  in  Massachusetts 
FROM  Jan.  1  TO  July  1,  1921. 
From  Jan.  1  to  July  1,  1921,  there  were  54,370  tons  of  com- 
mercial fertilizer  and  fertilizing  materials  sold  in  Massachusetts, 
divided  as  follows :  • — 

Tons. 

Mixed  fertilizers      . 37,579 

Unmixed  fertilizing  materials .    15,073 

Pulverized  natural  manures 1,718 

The  grades  and  tonnage  of  the  mixed  fertilizers  are  shown 
in  the  following  tables,  which  are  arranged  to  show  in  the  order 
of  their  largest  tonnage  the  various  grades  of  (1)  high  and  low 
analysis  complete  fertilizers,  (2)  high  and  low  analysis  am- 
moniated superphosphates  and  superphosphates  with  potash, 
and  (3)  unmixed  fertilizer  materials:  — 


36  a 


EXPERIMENT  STATION. 


[Jan. 


Table  1.  —  Complete  Fertilizers. 


High  Analysis  (14  Pee  Cent  oh  otek 
OF  Available  Plant  Food). 

Low  Analysis  (less  than  14  Per  Cent 
of  Available  Plant  Food). 

Grade. 

Tonnage. 

Brands.  1 

Grade. 

Tonnage. 

Brands,  i 

4-8-4 

9,484 

38 

2-8-3 

3,261 

23 

3-8^ 

5,915 

27 

2-8-2 

2,726 

35 

3-9-2 

1,527 

8 

1-8-2 

890 

9 

3-8-3 

1,075 

9 

5^-4 

707 

- 

4-8-6 

1,016 

15 

5^-3 

522 

11 

5-4-5 

737 

12 

1-10-1 

252 

5 

6-6-4 

606 

8 

4^-4 

213 

- 

3-10-3 

540 

5 

1-7-1 

184 

- 

5-8-7 

489 

8 

3-8-2 

126 

- 

3-8-6 

485 

5 

6-4-3 

112 

- 

2-10-4 

437 

- 

3-6-4 

87 

- 

6-12-6 

293 

- 

5-6-1 

85 

- 

4-7-5 

285 

- 

3-6-3 

61 

- 

5-8-4 

260 

- 

4-7-2 

58 

- 

6-8-4 

229 

- 

2-8-1 

42 

- 

6-6-6 

218 

- 

1.22-3-1 

33 

- 

5-8-5 

216 

5 

1.22-3-2 

33 

- 

10-3-4 

198 

1.22-3-3 

33 

- 

4-8-7 

171 

6 

Miscellaneous 

120 

5-8-6 

166 

- 

5-9-4 

130 

- 

2-8-4 

119 

- 

7-12-6 

107 

- 

7-4^ 

104 

- 

6-4-4 

66 

- 

2-8-5 

64 

_ 

5-6-5 

61 

- 

10-8-8 

38 

- 

6-4-15 

37 

- 

5-7-2 

36 

- 

5-6-3 

35 

- 

5-6^ 

25 

- 

5-5-4 

24 

- 

5^-15 

19 

- 

3-12-3 

17 

- 

Miscellaneoiis 

233 

Total  . 

Total  . 

25,462 

- 

9,545 

- 

1  Where  less  than  five  brands  of  a  given  grade  are  registered,  the  number  is  not  given  in  this 
table. 
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Table  2.  —  Ammoniated    Superphosphates    and    Superphosphates    with 

Potash. 


Hios  Analysis  (14  Per  Cent  or  over 
OF  Available  Plant  Food). 

Low  Analysis  (less  than  14  Per  Cent 
OP  Available  Plant  Food). 

Grade. 

Tonnage. 

Brands,  i 

Grade. 

Tonnage. 

Brands.! 

4-10-0 

307 

11 

5-4-0 

645 

- 

0-4-15 

133 

- 

3-10-0 

365 

- 

0-12-2 

79 

- 

7-6-0 

264 

- 

0-10-4 

73 

- 

4-8-0 

134 

- 

Miscellaneous 

19 

- 

6^-0 

121 

- 

5-8-0 

107 

- 

6-6-0 

88 

3-9-0 

59 

- 

10-3-0 

54 

- 

5-6-0 

44 

- 

2-8-0 

29 

- 

4-3-0 

15 

- 

Miscellaneous 
Total 

36 

Totals 

611 

- 

1,961 

- 

Table  3.  —  Unmixed  Fertilizing  Materials. 


Material. 


Tonnage. 

Brands,  i 

6,033 

37 

3,385 

29 

1,875 

25 

1,718 

11 

860 

28 

691 

- 

661 

14 

535 

19 

442 

10 

176 

6 

170 

8 

66 

- 

62 

- 

48 

- 

39 

- 

25 

- 

5 

- 

Cottonseed  meal 
Acid  phosphate  . 
Nitrate  of  soda    . 
Pulverized  natural  manures 
Ground  bone 
Wood  ashes 
Dry  ground  fish  . 
Ground  tankage 
Sulfate  of  ammonia     . 
Sulfate  of  potash 
Muriate  of  potash 
Castor  pomace     . 
Nitrate  of  potash 
Raw  ground  phosphate 
Precipitated  bone 
Kainit  .... 

Dried  blood 


Totals 


16,791 


'  Where  less  than  five  brands  of  a  given  grade  are  registered,  the  number  is  not  given  in  this 
table. 
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An  analysis  of  the  foregoing  tables  reveals  the  following 
facts :  — 

1.  Sixty-nine  per  cent  of  the  total  tonnage  sold  was  made 
up  of  mixed  goods,  and  31  per  cent  of  chemicals  and  unmixed 
fertilizer  by-products. 

2.  Of  the  37,579  tons  of  mixed  goods  sold,  93  per  cent  were 
complete  fertilizers  and  7  per  cent  were  ammoniated  super- 
phosphates and  superphosphates  with  potash. 

3.  Of  the  35,007  tons  of  mixed  complete  fertilizers,  about 
73  per  cent  were  high  analysis  (14  per  cent  or  over  of  available 
plant  food)  and  27  per  cent  low  analysis  fertilizers  (less  than 
14  per  cent  of  available  plant  food). 

4.  The  25,462  tons  of  high  analysis  complete  fertilizers  were, 
with  the  exception  of  233  tons,  furnished  by  thirty-five  grades 
of  fertilizer,  that  is,  formulas  having  their  plant  food  present 
in  various  proportions.  About  88  per  cent  of  the  total  tonnage 
of  the  high  analysis  mixtures  was  furnished  by  eleven  grades  of 
fertilizer,  and  about  79  per  cent  of  the  balance  was  furnished 
by  thirteen  other  grades;  or,  expressed  in  another  way  over  97 
per  cent  of  the  total  tonnage  of  high  analysis  fertilizers  was 
furnished  by  twenty-four  grades. 

5.  The  9,445  tons  of  low  analysis  fertilizers  were,  with  the 
exception  of  120  tons,  furnished  by  eighteen  grades  of  fertilizer, 
and  over  94  per  cent  of  this  tonnage  was  furnished  by  ten 
grades  of  fertilizer. 

6.  In  case  of  the  ammoniated  superphosphates,  of  the  2,278 
tons  sold,  over  86  per  cent  were  low  analysis  goods.  The 
tonnage  of  high  analysis  ammoniated  superphosphates  was 
furnished  by  one  grade,  and  87  per  cent  of  the  tonnage  of  the 
low  analysis  was  furnished  by  seven  grades. 

7.  Thirty-six  per  cent  of  the  total  tonnage  of  mixed  fertilizer 
was  derived  from  grades  recommended  for  the  East  by  the  soil 
improvement  committee  of  the  National  Fertilizer  Association; 
and  over  64  per  cent  of  the  total  tonnage  deviated  by  1  per 
cent  only,  in  nitrogen,  phosphoric  acid,  or  potash,  as  the  case 
might  be,  from  grades  thus  recommended.  pi^ 

8.  With  reference  to  chemicals  and  crude  stock  materials, 
the  distribution  of  the  tonnage  was  as  follows:  about  57  per 
cent  of  the  total  tonnage  was  nitrogen  products;    about  26 
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per  cent,  phosphoric  acid  products;  and  about  7  per  cent, 
potash  products.  In  all  probability  the  tonnage  of  unmixed 
potash  salts  is  abnormally  low  on  account  of  the  high  prices 
which  have  prevailed  for  this  ingredient. 

With  reference  to  the  uneconomic  phase  of  the  purchase  of 
low  analysis  fertilizers,  it  is  estimated  that  the  plant  food 
bought  by  the  Massachusetts  farmers  in  1921  in  form  of  low 
analysis  fertilizers  cost  them  about  $94,000  more  than  if  it 
had  been  bought  in  the  form  of  high  analysis  mixtures.  To 
this  should  be  added  the  extra  cost  of  freight,  cartage  and 
labor  for  application  to  the  land. 

Feed  Control. 

p.  H.  Smith,  Chemist  in  Charge. 
Miss  E.  M.  Bradley,  Analyst. 

During  the  year,  1,121  samples  of  feeding  stuffs,  collected  of 
dealers  and  manufacturers,  were  analyzed  and  are  reported  in 
Bulletin  No.  15  of  the  Control  Series.  Two  hundred  and 
twenty-one  dealers  located  in  136  towns  were  visited  at  least 
once.  One  thousand,  three  hundred  and  forty-nine  brands  of 
feeding  stuffs  were  registered  for  sale  in  Massachusetts  by  258 
dealers.  The  purchase  of  an  automobile  for  the  use  of  the 
inspector  not  only  enabled  him  to  save  much  time,  but  also 
made  it  possible  to  visit  more  frequently  stores  not  easily  ac- 
cessible on  account  of  their  distance  from  railroad  and  trolley 
lines. 

In  common  with  other  business,  the  grain  trade  has  been 
extremely  unsettled,  and  in  order  to  meet  a  falling  market 
much  feed  has  been  sold  by  the  retailer  at  less  than  the  whole- 
sale price  at  the  time  of  purchase. 

No  serious  cases  of  adulteration  and  misbranding  were  dis- 
covered. While  it  is  true  that  some  feeders  may  not  use  the 
best  of  judgment  in  their  selection  of  feeding  stuffs  offered,  the 
guarantee  requirement  of  the  feeding  stuffs  law  including  a 
statement  of  ingredients,  enables  the  purchaser  to  determine  the 
quality  of  the  goods  he  purchases.  The  law  does  not  prohibit 
the  sale  of  any  material  which  is  not  actually  injurious,  but 
simply  requires  that  such  information  be  furnished  the  pur- 
chaser, by  means  of  the  guarantee,  as  to  enable  him  to  know 
just  what  he  is  buying. 
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Poultry  Disease  Elimination  Law. 

George  E.  Gage,  in  Charge. 
O.  S.  Flint,  Specialist  in  Charge. 

During  the  year,  24,718  breeding  hens  have  been  tested 
under  the  poultry  disease  elimination  law,  distributed  in 
Worcester,  Middlesex,  Norfolk,  Essex,  Plymouth,  Bristol, 
Hampshire,  Hampden,  Franklin  and  Berkshire  counties.  Of 
this  number,  10,897  were  Rhode  Island  Reds,  3,033  White 
Rocks,  1,890  Barred  Rocks,  5,539  White  Leghorns,  974  White 
Wyandottes,  and  2,385  miscellaneous.  The  infection,  as  in- 
dicated by  the  agglutination  test,  has  been  12.5  per  cent  for 
the  total  24,718.  Twenty-five  flocks  were  found  free  from  in- 
fection. The  demand  for  this  testing  work  is  increasing  all  the 
time,  and  in  a  few  years,  if  funds  are  available  to  perfect 
the  epidemiological  phases  of  the  problem,  great  benefits  will 
result.  A  glance  at  the  United  States  census  report  for  1920, 
under  the  heading  of  "  Massachusetts  Industries,"  will  show 
that  there  were  by  census  more  than  1,455,000  chickens  in  the 
State,  the  value  of  poultry  products  being  $10,700,000  per  year. 
It  would  appear  from  these  figures  that  the  State  would  be 
justified  in  the  yearly  expenditure  of  SI 0,000  to  protect  and 
improve  such  an  industry. 


The  Dairy  Law. 

p.  H.  Smith,  Chemist  in  Charge. 

The  dairy  law,  so  called,  requires  operators  of  the  Babcock 
test,  where  such  test  is  used  as  a  basis  of  payment  for  milk  or 
cream,  or  for  the  purposes  of  inspection,  to  secure  a  certificate 
of  proficiency  from  the  Experiment  Station.  Forty-six  ap- 
plicants were  given  the  required  examination  and  received 
certificates.  The  act  requires,  also,  that  all  glassware  used  by 
licensed  operators  be  tested  for  accuracy  and  so  marked.  Out 
of  a  total  of  4,664  pieces  of  glassware  tested  only  6  have  been 
condemned.  In  addition  to  the  preceding,  an  annual  inspection 
of  machines  and  apparatus  is  also  required.  This  inspection 
was  carried  out  by  Mr.  J.  T.  Howard,  authorized  deputy,  who 
visited  six  creameries,  fifty  milk  depots  and  thirty-five  milk- 
inspection  laboratories.     Reinspections   on   account   of  repairs 
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■ordered  will  be  necessary  at  fourteen  places.  It  is  of  interest 
to  note  that,  in  general,  machines  were  in  greater  need  of 
repair  than  for  any  time  in  recent  years,  presumably  on  ac- 
count of  the  present  business  depression  which  caused  owners 
to  defer  making  repairs  as  long  as  possible.  The  recent  ex- 
plosion of  a  machine  in  a  milk  plant  near  Boston,  which  re- 
sulted in  serious  injury  to  two  men,  should  serve  as  a  warning 
to  those  using  machines  out  of  repair. 
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TESTING  OF  PURE-BRED  COWS  FOR  ADVANCED  REGISTRY. 


p.  H.  SMITH,  CHEMIST  IN   CHARGE. 


On  account  of  the  ever-increasing  amount  of  advanced 
registry  work,  it  has  become  necessary  to  engage  a  clerk  to  aid 
in  general  supervision  and  in  the  keeping  of  records.  Not  less 
than  ten  and  as  many  as  fifteen  men  have  been  employed  in 
making  the  two-day,  monthly  tests.  For  the  year  ending 
Dec.  1,  1920,  5,820  two-day  tests  were  reported;  for  the  year 
just  past,  7,250  were  reported,  • —  an  increase  of  1,430  over  the 
previous  year.  The  number  of  cows  on  yearly  test  increased 
in  one  year  from  519  to  676,  the  number  of  farms  from  72  to 
93. 

The  number  of  short-time  tests  for  the  Holstein-Fresian  Asso- 
ciation did  not  equal  the  number  conducted  during  the  pre- 
ceding year.     Statistics  for  the  Holstein  work  follow:  — 

Number  of  farms  visited 30 

Supervisors  employed 26 

Reports  turned  in : 

60-day 4 

30-day 50 

14-day 29 

7-day 152 
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ANALYTICAL  AND  DIAGNOSTIC   SERVICE. 

From  the  founding  of  the  Experiment  Station,  work  of  this 
character  has  formed  a  large  part  of  the  service  rendered  to  the 
people  of  the  State.  The  work  as  now  organized  is  carried  on 
in  the  following  departments:  — 

1.  Department  of  Plant  and  Animal  Chemistry,  which  has  charge  of  the 

chemical  analytical  work. 

2.  Department  of  Botany,  which  performs  certain  analytical  work  with 

reference  to  seeds,  and  likewise  a  large  amount  of  diagnostic  work 
with  reference  to  plant  diseases. 

3.  Department  of  Entomology,  which  is  subject  to  numerous  calls  on 

the  diagnosis  of  insect  troubles. 

4.  Department  of  Veterinary  Science,  which  performs  similar  service 

with  reference  to  animal  diseases,  and  particularly  poultry  diseases. 

A  part  of  this  work  has  definite  investigational  value.  It  is 
through  the  information  gained  in  the  diagnostic  work  that  the 
Departments  of  Botany,  Entomology  and  Veterinary  Science 
are  able  to  keep  in  touch  with  conditions  all  over  the  State. 
It  must  be  remembered  that  the  Experiment  Station  is  expected 
to  give  State-wide  service,  but  despite  this  it  has  no  field 
organization.  On  the  other  hand,  certain  phases  of  the  work 
are  to  a  certain  degree  of  commercial  or  personal  service 
nature.  This  work  is  being  discouraged.  Since,  however,  cost- 
free  service  of  this  kind  has  been  offered  by  the  station  for  the 
past  forty  years,  it  is  not  possible  to  do  away  with  this  in  any 
short  period  of  time.  The  correspondence  connected  with  the 
carrying  on  of  this  service  is  heavy,  and  is  of  a  definite  ex- 
tension nature.  It  is  probable  that  some  of  this  work  should 
be  organized  under  the  Extension  Service  rather  than  under 
the  Experiment  Station. 

General  Chemical  Analytical  Service. 

Department  op  Plant  and  Animal  Chemistry, 
Dr.  J.  B.  LiNDSEY,  Head. 

The  work  for  the  year  ending  Nov.  30,  1921,  included  the 
following.  For  comparison,  the  records  of  1919  and  1920  are 
also  included. 
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Numerical  Summary  of  Laboratory  Work. 


1919. 

1920. 

1921. 

Alcohol  determinations 

- 

- 

4 

Arsenic  determinations 

3 

2 

2 

Breast  milk 

1 

2 

2 

Ash  analysis  of  fodder  articles      .... 

- 

- 

2 

Cider  for  soluble  copper 

- 

9 

- 

Coal ■        • 

- 

- 

1 

Cream    .        . 

442 

378 

205 

Evaporated  milk  .        .        .     _   . 

1 

- 

- 

Feedstuffs 

231 

145 

196 

Fertilizers 

157 

100 

173 

Fungicides 

- 

- 

12 

Ice  cream       .        .        .        .        .        .        . 

- 

1 

4 

Insecticides 

7 

9 

5 

Lime  products 

7 

6 

9 

Lubricating  oil 

- 

- 

2 

Milk       .        , 

498 

344 

587 

Semi-solid  buttermilk  for  dissolved  metals 

- 

- 

1 

Soils  for  lime  absorption  capacity  and  organic 

matter. 
Soils  for  complete  or  partial  chemical  analysis    . 

137 
5 

137 
20 

64 
15 

Tobacco 

- 

12 

- 

Urine 

- 

- 

2 

Vinegar          

7 

7 

14 

Water 

60 

60 

63 

Weed  eradicator 

- 

- 

1 

In  connection  with  experimental  work,  the  following  analyses 
were  made:  — ■ 


1919. 

1920. 

1921. 

Milk 

139 

168 

200 

Feedstuffs 

22 

114 

131 

Feces      .        .        . 

49 

49 

43 

Urine 

25 

14 

14 

Dry  matter  determinations  on  pot  and  plot  ex- 
periments. 
Nitrogen  determinations  on  pot  experiments 

671 
123 

288 
96 

416 
60 

Phosphoric  acid  determinations  on  pot  experi- 
ments. 
Potash  determinations  on  pot  experiments 

.   12 

44 
48 

66 

Oven-dried  weights 

580 

- 

133 
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Decrease  in  certain  of  the  above  items,  notably  that  in  the 
number  of  soil  analyses,  is  due  to  definite  attempt  on  the  part 
of  the  station  to  discourage  requests  for  this  kind  of  service. 


Analysis,  Germination  Tests  and  Separation  of  Seeds. 

Depaetment  of  Botany, 
Pkof.  a.  V.  OsMUN,  Head. 

Germination  Tests. 
During  the  year  germination  tests  were  made  on  448  samples 
of  seeds,  as  listed  below.     In  nearly  all  cases  the  tests  were 
made  in  duplicate,  thus  doubling  the  time,  labor  and  expense 
involved. 


Vegetables. 


Beans 

Beets 

Cabbage    . 

Carrots 

Cauliflower 

Celeriac 

Celery 

Corn,  sweet 

Dandelion 


4 
2 
5 

33 
1 
1 

14 
1 
1 


Endive 3 

Lettuce 3 

Parsley 3 

Pea 1 

Radish 4 

Spinach  .       .       ,       .       :  33 

Tomato .14 

Turnip 4 


The  127  samples  tested  were  submitted  from  4  cities  and 
towns  of  the  Commonwealth,  and  1  from  another  experiment 
station. 


AKaKa       . 
Barley 
Beans,  soy 
Beets,  mangel 
Clover,  alsike 
Clover,  red 
Clover,  sweet 


Field  Crops. 

1 

Corn  . 

2 

MiUet 

2 

Oats   . 

1 

Onions 

2 

Rape  . 

2 

Tobacco 

3 

Vetch 

3 
3 
3 

207 

1 

62 

1 


Of  the  total  of  293  samples  tested,  6  were  submitted  from 
other  experiment  stations,  156  from  21  villages,  towns  and 
cities  of  the  Commonwealth,  and  131  were  tested  for  outside 
parties  but  for  the  benefit  of  resident  growers. 
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Grasses. 


Canada  blue 
Creeping  bent 
Orchard     . 


Red  fescue 
Redtop 
Timothy    . 


The  samples  were  received  from  4  cities  and  towns  of  the 
Commonwealth,  and  4  from  other  experiment  stations. 


Miscellaneous. 


Balsam  fir 
Hemlock    . 
Pine  (Austrian) 
Pine  (Red) 
Pine  (Scotch)    . 


Pine  (White)     . 

Sage 

Spruce  (Canada  Wliite) 
Spruce  (Norway) 
Spruce  (Wisconsin  White) 


The  samples  came  from  2  towns  in  the  Commonwealth. 


Purity  Tests. 
Of  the  41  samples  tested,  32  were  submitted  from  7  cities 
and  towns  of  the  Commonwealth,  and  9  from  other  experiment 
stations. 


Alfalfa       . 
Barley 

Clover,  alsike 
Clover,  red 
Clover,  sweet 


Field  Crops 

1 
2 
2 


3 


Clover,  white 
Millet 
Oats   . 
Vetch 


Canada  blue     .... 

Creeping  bent  .... 

Mixed    grasses    for    putting 

greens 


Grasses. 

Orchard     . 
Red  fescue 
Redtop 
Timothy    . 


1 
1 

10 


Tobacco  Seed  Separation. 
Seventy-seven    samples    of    tobacco    seed    were    submitted 
from  15  towns  and  villages  in  the  tobacco-growing  section  of 
the  State. 
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Diagnostic  Service  in  Animal  Pathology. 

Department  of  Veterinary  Science, 
'  Dr.  G.  E.  Gage,  Acting  Head. 

During  the  year,  636  different  sets  of  diseased  material  were 
submitted  to  the  departmental  laboratories  for  examination. 
In  most  cases  these  materials  were  accompanied  by  letters  re- 
questing suggestions  for  treatment.  This  has  involved  the 
classification  and  recording  of  a  large  amount  of  correspondence. 
A  large  percentage  of  the  materials  submitted  have  been 
examined  bacteriologically,  serologically  and  pathologically. 
Diagnosis  reports  and  suggestions  were  made  concerning  cases 
of  the  following  diseases :  — 


Abdominal  hemorrhages 

Anemias 

Aatresias 

Apoplexy 

Ascites 

Aspergillosis 

Bacillary  white  diarrhea 

Bihary  obstructions 

Biological  atrophy 

Cachexia 

Calf  scours 

Caseation  necrosis 

Cercomoniasis 

Chicken-pox 

CholeoHthiasis 

Chronic  atrophy 

Chronic  indigestion 

Coccidiosis 

Congestion  of  the  lungs 

Cutaneous  emphysema  from  rup- 
tured air  sacs 

Diphtheritic  roup 

Duck  septicaemia 

External  parasites 

Fatty  metamorphosis  of  liver 

Fermentative  infection  of  gastro- 
intestinal tract 

Fibromse 

Fowl  cholera 

Fowl  typhoid 


Gangrenous  dermatitis 
Gaseous  enteritis 
Impaction  of  crop 
Impaction  of  duodenum  and  intes- 
tines 
Infarction  of  kidney 
Infectious  necrosis  of  canaries 
Intestinal  congestion 
Intestinal  diarrhea 
Intestinal  intussusception 
Intestinal  parasites 
Jaundice 
Laryngitis 
Leukemia 
Limber  neck 
Lung  strongylosis  of  pigs 
Multilocular  cysts  of  ovary 
Nasal  catarrhs 
Necrosis  of  Hver 
Nephritis 
Nodular  tseniasis 
Occlusion  of  bile  duct 
(Edema  of  prepuce  in  sheep 
(Esophageal  obstruction 
Ovarian  inflammation 
Ovarian  obstruction 
Ovarian  tumors 
Paralysis 
Pericarditis 
Peritonitis 
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Pneumonia 

Poisoning 

Pressure  atrophy 

Rachitis 

Ruptured  oviduct 

Sarcoptes   mutans    and    Sarcoptes 

levis  infestation 
Septicaemia 

Sporadic  dysentery  in  calves 
Staphylococcus  infections  of  ovary 
Stomach  worms  in  sheep 
Streptococcic  arthritis 


Streptococcic  mastitis  in  cows 

Streptococcus  infection 

Suffocation 

Superficial  erythema 

Superficial  ulcers  of  skin 

Thrombosis 

Traumatic  tumors 

Avian  tuberculosis 

Gizzard  ulcers  in  poultry 

Uremia 

Uric  acid  arthritis 

Visceral  gout 


In  addition,  a  large  amount  of  diagnostic  service  was  given 
to  the  animals  of  the  College  and  Experiment  Station  flocks  and 
herds.  The  following  represents  the  cases  examined  for  disease 
during  the  past  year :  — 


Horses. 

Cattle. 

Sheep. 

Pigs. 

Arthritis. 

Laceration  abomasum. 

Dermatitis. 

Arthritis. 

Bronchitis. 

Arthritis. 

Dystokia. 

Dystokia. 

Cartilage  infections. 

Castration. 

Impaction. 

Castration. 

Dystokia. 

Indigestion. 

Coronitis. 

Calf  diarrhea. 

Mastitis. 

Labial  retention  cysts. 

Erythema. 

Pneumonia. 

Float  molars. 
Colic. 

Eversion  of  vagina. 
E version  uterus. 

Post-mortem     exami- 
nations. 

Influenza,  vaccine  admin- 
istration, all  farm  horses. 
Laminitis. 

Indigestion. 
Mastitis. 

Omphalo-phlebitis. 

Parturient  paresis. 

' 

Pervious  urachus. 

Pericarditis. 

Pneimionia. 

Pododermatitis. 

Strangles. 

Ringworm. 

Traumatisms. 

Traumatisms. 

Fistulous  withers. 
Post-mortem  examinations. 

Post-mortem     examina- 
tions. 

Subcutaneous  tuberculin 
testing  of  both  herds. 

Ophthalmic    and    intra- 
dermal check  tests. 

1 

The  Department  of  Veterinary  Science  has  manufactured  and 
standardized  its  own  diagnostic  sera,  twenty-two  different  types 
being  made  in  the  year  in  question.  These  sera  are  used  both 
in  the  diagnostic  work  and  in  the  control  studies,  and  repre- 


50  a  EXPERIMENT  STATION.  [Jan. 

sent  a  saving  to  the  institution,  over  the  cost  of  equivalent 
kinds  and  amounts  if  purchased,  of  about  $2,500.  Sera  of 
these  kinds  are  suitable  for  use  for  about  one  year.  Each  year 
the  process  of  preparation  must  be  repeated  and  new  standards 
obtained. 

It  is  worthy  of  note  that  practicing  veterinarians  are  typically 
unable  to  give  service  with  reference  to  poultry  diseases.  It  is 
partly  due  to  this  fact  that  commercial  poultry  raisers  have 
sometimes  been  unable  to  combat  the  attacks  of  contagious 
disease.  The  Experiment  Station  now  performs  in  this  diag- 
nostic work  a  unique  service,  which  is  not  duplicated  by  any 
commercial  organization,  or,  in  fact,  by  any  organization  in 
New  England.  How  far  the  station  should  go  in  doing  this 
work  is  a  question.  There  is  no  doubt,  however,  that  to  date 
it  has  resulted  in  greatly  bettering  conditions  in  what  is  in 
Massachusetts  a  large  taxpaying  agricultural  industry. 

Insect  Conditions  of  the  Year  1921  in  Massachusetts. 

Department  of  Entomology, 
De.  H.  T.  Fernald,  Head. 

In  most  ways  the  year  1921  was  an  ordinary  one,  so  far  as 
insects  are  concerned,  in  this  State,  only  two  instances  of  an 
unusual  character  developing.  M 

The  first  of  these  was  a  rather  serious  but  quite  local  out- 
break of  the  seed-corn  maggot  (Hylemyia  cilicrura  Rond.)  in 
the  onion  fields  in  and  near  Whately,  Hatfield  and  Sunderland. 
This  insect,  so  far  as  any  records  thus  far  found  go,  has  never 
before  been  reported  as  injuriously  abundant  in  the  State. 

The  onion  fields  affected  were  planted  early  in  April,  and 
because  of  cold,  wet  weather  the  plants  were  just  appearing 
by  the  first  of  May,  and  were  very  few  in  number.  Examina- 
tion at  that  time  showed  an  abundance  of  the  maggots  at- 
tacking the  sprouts  soon  after  they  had  started,  and  working 
back  to  the  seed  itself.  From  larvae  collected  in  the  fields  the 
adults  were  raised  and  their  identity  verified.  It  was  noticeable 
that  the  fields  fertilized  with  cottonseed  meal  were  the  ones 
chiefly  infested,  no  maggots  being  found  in  those  not  so  ferti- 
lized, even  when  adjacent  to  affected  ones.  No  trace  of  the 
insect  was  found  in  the  cottonseed  meal  itself  before  its  use. 
It  was  necessary  to  replant  most  of  the  affected  fields,  which. 
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taken  together,  probably  represented  over  100  acres,  but  no 
injury  by  the  insect  was  noted  in  such  replanted  fields. 

The  second  outbreak  was  that  of  the  corn  ear  worm 
(Chloridea  ohsoleta  Fab.).  This  insect  is  usually  heard  from  by 
two  or  three  inquiries  about  it  each  year,  nearly  always  from 
the  southeastern  part  of  the  State.  Last  fall  the  first  report 
was  received  September  13  from  Greenfield,  and  from  then 
until  November  7  letters  about  it  came  in  large  numbers. 
From  the  inquiries  received,  it  was  present,  generally  very 
abundant,  in  all  parts  of  the  State  except  Berkshire  County, 
where  only  four  locations  were  learned  of,  these  being  one  in 
West  Stockbridge,  two  in  Pittsfield  and  one  in  Williamstown. 
It  was  probably  present  elsewhere  in  the  county  also. 

Sweet  corn  suffered  most  from  this  pest,  particularly  the 
yellow  types,  though  ensilage,  field  and  pop  corn  were  also 
attacked.  Flint  corn  was  only  slightly  injured.  In  some 
cases  a  95  to  100  per  cent  loss  was  reported.  One  case  of 
injury  to  geraniums  was  also  met  with.  Through  the  co- 
operation of  county  farm  bureau  agents,  reports  of  the  general, 
and  in  many  cases  the  detailed,  conditions  in  the  different 
counties  were  received,  indicating  a  very  general  and  serious 
degree  of  injury.  At  the  Experiment  Station  living  active 
larvae  of  nearly  all  ages  were  found  on  November  5,  but  ten 
days  later,  after  two  slight  snowstorms  and  the  accompanying 
cold  weather,  no  living,  but  numerous  dead  larvse,  were  present. 
Apparently  those  which  had  not  gone  into  the  ground  before 
this  time  could  not  survive  this  cold  weather,  and  the  mortality 
must  have  been  large. 

The  striped  cucumber  beetle  was  unusually  abundant  last 
spring,  while  the  common  apple  aphids,  seemingly  because  of 
two  heavy  frosts  just  after  most  of  them  had  hatched,  were  so 
reduced  in  abundance  in  many  parts  of  the  State  that  nicotine 
sulfate  was  omitted  from  the  delayed  dormant  spray  by  a 
number  of  orchardists  without  any  injury  by  the  aphids  re- 
sulting. A  case  of  mole  crickets  feeding  on  potatoes  was  re- 
ported in  September.  This  insect  is  seldom  observed  doing 
injury  in  Massachusetts.  The  birch-leaf  skeletonizer,  after 
having  been  practically  absent  for  about  ten  years,  reappeared 
abundantly  enough  to  be  noticeable  in  the  eastern  part  of  the 
State,  but  no  more  than  usual  west  of  Worcester. 
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Diagnosis  of  Insect  Troubles. 
During  the  year  ending  the  last  of  November,  1921,  diag- 
nosis of  616  cases  of  insect  injury  were  made  on  insects  and 
insect  damage  reported  from  226  different  villages,  towns  and 
cities  in  the  Commonwealth.  In  addition  to  this  there  were 
222  telephone  or  oflBce  calls  on  the  same  subject,  and  39  visits 
by  members  of  the  staff  at  the  request  of  owners,  as  well  as  a 
large  amount  of  miscellaneous  correspondence  relating  to  in- 
secticides and  spray  machinery.  This  again  is  a  service  which 
has  no  commercial  counterpart,  and  which  must  be  rendered 
by  the  station  or  not  at  all.  Farmers  as  individuals,  moreover, 
are  unable  oftentimes  to  either  recognize  or  combat  such 
troubles.  Apparently,  therefore,  the  Experiment  Station  must 
continue  to  give  this  service.  The  following  table  is  presented, 
showing  the  range  of  subjects  treated  in  this  work,  and  the 
geographical  range  from  which  inquiries  come :  — 


Diagnosis  and  Advice  regarding  Insect  Injury  given  in  Response  to  Letters 
and  Telephone  Calls,  for  the  Year  ending  Nov.  30,  1921. 

[Figures  in  parentheses  indicate  the  number  of  cases  of  injury  by  the  same  insect  reported 
from  the  town;  where  there  is  no  figure  only  one  case  of  injury  was  reported.] 


Requests 
FOE  Informa- 

Subject of  Inqttiry. 

Scientific  Name. 

tion  AND 
Diagnosis. 

Reported  from  — 

i 

o 

"o 

Abbott's  sphinx  moth 

Sphinx    drupiferarum 

1 

- 

1 

Duxbury. 

Angle  v/orms 

- 

1 

1 

2 

South  wick. 

Ants  .... 

Formicidse 

21 

5 

26 

Boston  (2),  Boylston,  Boylston 
Center,  Cambridge  (2),  Clin- 
ton, Dedham,  Franklin,  Hol- 
yoke  (3),  Lowell,  Millville, 
New  Bedford,  Saugus,  South- 
borough,  Watertown,  Whit- 
man, Chicago,  111.,  Elizabeth, 
N.J. 

Ants,  black 

Formicidae 

3 

- 

3 

Easthampton,  North  Dana, 
Stoughton. 

Aphis,  root 

Aphididae   . 

1 

- 

1 

Boston. 

Apple  aphis 

Aphis  pomi 

1 

- 

1 

Westfield. 

Apple  leaf  roller 

Archips  sp. 

- 

1 

1 

_                 _                  _ 

Apple  tree  borer 

Saperda  Candida 

6 

" 

6 

Ashburnham,  Becket,  Boston, 
Greenfield,  Shelbxu-ne  Falls, 
Wakefield. 
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Diagnosis  and  Advice  regarding  Insect  Injury  given  in  Response  to  Letters 
and  Telephone  Calls,  for  the  Year  ending  Nov.  SO,  1921  —  Continued. 


Requests 
FOR  Informa- 

Subject of  Inquiry. 

Scientific  Name. 

tion  AND 
Diagnosis. 

Reported  from  — 

6 

"3 

Asparagus  beetles 

Crioceris  asparagi 

1 

- 

1 

Sharon. 

Asparagus  beetles 

Crioceris  12-punctata  . 

1 

1 

2 

Sharon. 

Asparagus  miner 

Agromyza  simplex 

1 

- 

East  Milton. 

Bag  worms 

Psychidae    . 

1 

- 

Walpole. 

Bark  beetles 

Scolytidse  . 

1 

- 

Waltham. 

Bark  miner 

- 

- 

1 

_ 

Bean  caterpillar 

Plathypena  scabra 

1 

- 

Pittsfield. 

Bean  weevil 

Bruchus  obfectus 

24 

4 

28 

Beverly,  Bradford,  Conway, 
Fall  River,  Framingham, 
Great  Barrington,  Green- 
field, Kingston,  Lowell, 
North  Adams,  North  Wil- 
mington, Peabody,  Pitts- 
field,  Reading,  Salem,  Shel- 
biirne  Falls,  Springfield  (2), 
Turners  Falls,  Westfield, 
West  Medford,  West  Natick, 
Williamsburg,  Winchendon. 

Bedbug 

Cimex  lectularius      f . 

3 

7 

10 

Chicopee,  Weymouth,  Atkin- 
son, N.  H. 

Bees  and  beekeeping 

30 

58 

88 

Abington,  Amesbury,  Amherst, 
Athol,  Becket,  Boston  (5), 
Chelsea,  Chicopee,  East 
Gardner,  Hatchville,  Holden 
(2),  Lunenburg,  Mansfield, 
North  Brookfield,  Orleans 
(2),  Saugus,  South  Hadley 
C2),  Springfield,  Wakefield, 
Wellesley  Farms,  Worcester, 
Medina,  Ohio,  Toronto,  Ont. 

Bee  diseases 

- 

1 

1 

2 

Boston. 

Beetles 

Coleoptera 

2 

- 

2 

Somerville,  Hyannis. 

Birch-leaf  skeletonizer 

Bucculatrix  canadensi- 
sella. 

2 

- 

2 

Prides  Crossing,  Worcester. 

Blister  beetles    . 

Meloidffl 

1 

- 

1 

Montgomery. 

Blotch  leaf  miner 

Liihocolletes  sp.  . 

1 

- 

1 

Boston. 

Blow  fly     .        .        . 

Calliphora  vomitoria   . 

1 

- 

1 

Lynn. 

Borers 

- 

5 

- 

5 

East  Northfield,  Lee,  Littleton, 
Palmer,  Southborough. 

Borers 

Cerambycidas     . 

1 

- 

1 

Lenox. 

Bronze-birch  borer    . 

Agrilus  anxius   . 

1 

- 

1 

Cleveland,  Ohio. 

Brown-tail  moth 

Euproctis  chrysorrhcea 

5 

- 

5 

Deerfield,  Maiden,  North  Wil- 
braham,  Oxford,  Rowley. 

Brown  fruit  chafer    . 

Euphoria  inda    . 

2 

- 

2 

Shelburne  Falls,  Worcester. 

Bruchid  larvee  . 

Bruchus  sp. 

1 

- 

1 

Stanford  University,  Cal. 
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Diagnosis  and  Advice  regarding  Insect  Injury  given  in  Response  to  Letters 
and  Telephone  Calls,  for  the  Year  ending  Nov.  30,  1921  —  Continued. 


Subject  of  Inquiet. 


Buffalo  moth     . 

Cabbage  looper 
Cabbage  maggot 

Cabbage  worms 
Calosoma  beetles 
Caddis  fly  larvse 
Carpet  beetles   . 

Caterpillars 
Cecropia  moth  . 

Cerambycid  pupa 

Chermes  sp. 

Chrysanthemum  gall 
midge. 

Cicada  killer 

Clear-winged  moth    . 

Click  beetles 

Clothes  moths   . 
Clover  mite 
Codling  moth    . 
Confused  flour  beetles 
Corn  ear  worm  . 


Scientific  Name. 


Requests 
FOR  Informa- 
tion AND 
Diagnosis. 


Anthrenus       scrophu- 
larice. 

Autographa  brassiccE 

Hylemyia  brassiccc 


Pontia  rupee 

Calosoma  sp. 

Trichoptera 

Anthrenus 
larice. 


scrophu- 


Lepidoptera 

Samia  cecropia   . 

Cerambycidae     . 

Chermes  sp. 

Diarthronomyia  hypo- 
gcea. 

Sphecius  speciosus 

Sesiidae 

Elateridae   . 


Bryohia  pratensis 
Laspeijresia  pomonella 
Triholium  confusum  . 
Chloridea  obsoleta 


Reported  from 


Springfield  (2),  Waverly. 


Arlington. 

Arlington,   Northampton,   Ot- 
tawa, Ont. 


East  Bridgewater,  Medfield. 
Plainfield  (2),  Ithaca,  N.  Y. 
Boston. 

Wilmington. 

Boston,  Littleton,  Middleton, 
Waquoit,  Woronoco. 

Cambridge. 

Holyoke. 

Attleboro. 

Chicopee  Falls. 
Brookfield. 


4 


East  Bridgewater  (2),  Somer- 


ville. 


Boston,  Holbrook,  Springfield. 
Harvard. 


1 


4 


Richford,  Vt. 


Arlington  (2),  Attleboro,  Bald- 
winsville,  Barre  (2),  Ber- 
nardston,  Boston  (2),  Col- 
rain,  East  Bridgewater,  Fall 
River,  Farnumsville,  Fitch- 
burg,  Grafton,  Greenfield  (2), 
Griswoldville,  Holden,  Hud- 
son, Ludlow  (2),  Milton, 
Monson,  Natick,  North 
Plymouth,  Oakdale,  Pep- 
perell.  Petersham,  Readville 
(2),  Rutland,  Segreganset, 
Shrewsbury  (2),  Southbridge 
South  Hadley  Center,  South 
Westport,  Sterling  Junction, 
Taunton,  Turners  Falls, 
Westborough,  West  Bridge- 
v/ater,  Westfield  (2),  West 
Medway,  Worcester  (2),  Al- 
bany, N.  Y.,  Little  Comp- 
ton,  R.  I.,  Newfane,  Vt. 
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Subject  of  Inquiry. 


Cottony  maple  scale 
Cranberry  girdler 
Currant  aphis    . 
Currant  borer    . 
Cutworms 

Diving  water  beetle 
Earwig 

Eight-spotted  forester 
Elm  leaf  miner 
European  corn  borer 


European  fruit  Leca- 
nium. 

Fall  canker  worm 

Fall  web  worm  .  * 

Fir  sawflies 

Fish  worms 

Flat-headed  apple  tree 
borer. 

Fleas  .... 

Flea  beetles 

Flies  .... 

Four-lined  plant  bug 
Fruit  tree  bark  borer 
Fuller's  rose  beetle 
Gall  flies  . 
Gall  lice  . 
Gall  midge 
Gall  midge  flies 
Galls  . 


Scientific  Name. 


Pulvinaria  vitis  . 
Crambus  hortuellus 
Myzus  ribis 
Sesia  tipuliformis 
Noctuidffi   . 

Dytiscidse  . 
Forficulidse 
Alypia  8-maculata 
Kaliosphynga  ulmi 
Pyrausta  nubilalis 


Lecanium  cornis 

Alsophila  pometaria 
Hyphantria  cunea 
Lophyrus  abietis 
Lumbricus  sp.     . 
Chrysobothris  femorata 

Siphonaptera 

Diptera 

Poecilocapsus  lineaiua 
Ecoptogaster  rugulosus 
Aragimus  fulleri 
Cynipidse  . 
Aphididse  . 
Itonididae  . 
Itonididse  . 


Requests 
FOB  Informa- 
tion AND 
Diagnosis. 


i 

o 

1 

- 

2 

- 

- 

- 

1 

- 

- 

2 

- 

2 

- 

15 

3 

1 

- 

1 

- 

2 

1 

1 

- 

1 

- 

1 

- 

5 

1 

- 

3 

5 

1 

1 

1 

1 

- 

1 

- 

1 

- 

1 

- 

3 

2 

1 

- 

1 

2 

Reported  from  — ■ 


New  York. 

East  Wareham  (2). 

Greenfield. 

Southborough. 

East  Bridgewater,  Melrose, 
Springfield,  Waltham. 

South  Deerfield. 

Portland,  Ore. 

Revere  (2). 

I 
Ipswich  (2). 

Arlington  (2),  Boston,  East 
Somerville,  Georgetown,  Ips- 
wich, Medford,  Methuen, 
Nahant,  North  Orange, 
Reading  (3),  Worcester,  Jaf- 
frey  Center,  N.  H. 

Whitman. 

Raleigh,  N.  C. 
Cochituate,  Waltham. 
Harvard. 
Gardner. 
Chelmsford. 


Auburn,    Florence,    Holyoke, 
Minot,  Pittsfield. 


Bernardston,  Boston,  Hub- 
bardston,  Pittsfield,  North- 
east Harbor,  Me. 

Newburyport. 

Andover. 

Montrose. 

Holyoke. 

Lowell. 

Boston  (2),  Newtonville. 

Lenox. 

Madison,  N.  J. 
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Requests 
FOR  Informa- 

Subject of  Inquiry. 

Scientific  Name. 

tion  AND 
Diagnosis. 

Reported  from  — 

a 
o 

"3 

Garden  slugs      . 

Limax  sp.   . 

2 

- 

2 

East  Bridgewater,  Gardner. 

Giant  water  bug 

Leihocerus  americanus 

2 

2 

Lynn,  South  Lincoln. 

Golden  oak  scale 

Asterolecanium  variol- 
osum. 

- 

Northampton. 

Goldsmith  beetle 

Colalpa  lanigera 

- 

Haverhill. 

Gouty  oak  gall  . 

Andricus  puvctatus    . 

- 

Boston. 

Grape-leaf  folder 

Desmia  funeralis 

- 

Beverly. 

Grapevine  tomato  gall 

Lasioptera  vitis  . 

- 

Wellesley. 

Green  fruit  worm 

Xylina  sp. 

- 

Groveland. 

Green-head  fly  . 

Tabanidse  . 

3 

_ 

Boston,  Gloucester,  Ipswich. 

Ground  beetles 

Carabidae    . 

1 

- 

Cambridge. 

Gypsy  moth 

Porthetria  dispar 

10 

1 

11 

Amesbury,  Boston  (3),  Har- 
vard, Maiden,  North  Wil- 
braham,  Rowley,  Somerville, 
Wellesley  Farms. 

Hair  worms 

Mermis  sp. 

2 

- 

2 

Lancaster,  Rockland. 

House  centipede 

Scutigera  forceps 

- 

Boston. 

Ichneumon  flies 

Ichneumonidae  . 

- 

Bridgewater, 

Imported         currant 

Pteronidea  ribesii 

- 

Wellesley. 

worm. 

Ips  beetles 

Ips  sp.         .         .         . 

- 

Greenfield. 

Lace  bugs  . 

Tingitidiee  . 

- 

Southwick. 

Lady  beetles 

Coccinellidae 

- 

Providence,  R.  I. 

Larch  case-bearer 

Coleophora  laricella 

- 

Northampton. 

Larvae 

Lepidoptera 

- 

Geneva,  N.  Y. 

Leaf  hoppers      . 

Cicadellidae 

4 

Boston,  South  Lincoln. 

Leaf  rollers 

Archips  sp. 

- 

Beverly,  Maiden. 

Leaf  rollers 

Archips  argyrospila    . 

- 

Newton. 

LeConte's  sawfly 

Lophyrus  lecontei 

- 

Ipswich. 

Leopard  moth   . 

Zeuzera  pyrina   . 

- 

East  Boston,  Framingham. 

Lilac  borer 

Podosesia  syringw 

- 

Plainville. 

Linden  mite  gall 

Eriophyes  abnormis    . 

- 

Madison,  N.  J. 

Long-tailed  Thalessa 

Megarhyssa  lunator     . 

1 

Palmer,  Sheldonville,  South- 
wick. 

Loopers 

Geometridae 

- 

Northampton. 

Maggots      . 

Hylemyia  sp. 

- 

Mansfield. 
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Requests 
FOR  Informa- 

tion AND 

Subject  of  Inquiry. 

Scientific  Name. 

Diagnosis. 

Reported  from  — 

1-1 

6 
a 

fin 

"3 
o 

Maple  sawfly 

Caulacampus       aceri- 
caulis. 

1 

- 

1 

Boston. 

May  beetles 

Lachnosterna  sp. 

1 

- 

1 

Maynard. 

Mediterranean     flour 
moth. 

Ephestia  kuhniella 

- 

1 

1 

-                  -                  - 

Mealy  bugs 

Dactylopius 

2 

- 

2 

Dorchester,  Summit,  N.  J. 

Mealy  bug 

RhizcEcus  falcifer 

2 

1 

3 

Summit,  N.  J.,  New  Bruns- 
wick, N.  J. 

Mellipedes 

- 

1 

- 

Dover. 

Miscellaneous     . 

- 

4 

30 

34 

Mansfield,  Milford,  Mount  Her- 
mon,  Augusta,  Me. 

Miscellaneous     apple 
insects. 

- 

- 

1 

-                  -                  - 

Miscellaneous  aquatic 
insects. 

- 

- 

1 

Miscellaneous      grain 
beetles. 

- 

- 

1 

-                  -                  - 

Miscellaneous     grape 
insects. 

- 

- 

1 

-                  -                  - 

Miscellaneous     onion 
pests. 

- 

- 

1 

-                  -                  - 

Miscellaneous  pine  in- 
sects. 

- 

- 

1 

-                  -                  - 

Mice 

- 

2 

1 

Andover,  Springfield. 

Mite  galls  . 

Acarina 

4 

- 

Monson,  New  Bedford,  Pitts - 
field,  Worcester. 

Mite  nail  galls    . 

Acarina 

1 

- 

Royalston. 

Mites 

Acarina 

8 

3 

11 

Auburndale,  Boston,  Brook- 
line,  Haverhill,  Holden, 
North  Adams,  Wakefield, 
Worcester. 

Mite  work 

Acarina 

1 

- 

North  Wilmington. 

Mole  crickets 

Gryllotalpa  sp.     . 

1 

- 

Fair  view. 

Moles 

- 

2 

2 

Longmeadow,  North  Chester. 

Mosquitoes 

Culicidae     . 

5 

- 

Boston  (2),  Wilmington,  Wash- 
ington, D.  C,  Northeast 
Harbor,  Me. 

Mosquito  larvse 

Culicidee     . 

1 

- 

Andover. 

Mossy  rose  gall  . 

Rhodites  rosce 

1 

- 

Lee. 

Nematode 

Heterodera  radicola 

1 

- 

Boise,  Idaho. 

Northern          tomato 
worm. 

Phlegethontius  5-macii- 
lata. 

1 

- 

Waltham. 
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Subject  of  Inqtjiht. 


Scientific  Name. 


Requests 

FOR   InfOEMA- 
TION   AND 

Diagnosis. 


0) 

^ 

o 

o 

h4 

fM 

Oak  blister  midge 
Onion  maggot    . 

Onion  thrips 
Ox  warble  . 
Oyster-shell  scale 

Palm  insects 

Parasite 

Peach  tree  borer 

Pear-leaf  blister  mite 


Pear  Psylla 

Pentatomids 
Pigeon  Tremex  . 
Pine  bark  aphid 

Pine  beetles 
Pine  leaf  miner 
Pine  leaf  scale    . 

Pine  Webbers  . 
Pine  web  worm 
Pink  boll  worm 

Plant  lice 


Plum  curculio    . 


Itonididae   . 
Hylemyia  antiqua 

Thrips  tabaci 
Hypoderma  bovis 
Lepidosaphes  ulmi 


Hymenoptera 

Aegeria  exitiosa 
Eriophyes  pyri 


Psyllia  pyricola  . 

Pentatomidae 
Tremex  columba 
Chermes  pinicorticis    . 

Tomicus  pini 
Paralechia  pinifoliella 
Chionaspis  pinifolia  . 

Benta  sp.     . 

Benta  melanogrammos 

Pectinophora   gossypi- 
ella. 


Aphididae 


Conotrachelus      nenu- 
phar. 


Reported  from  — 


Madison,  N.  J. 

Arlington,  Nantucket,  Atkin- 
son, N.  H. 

Arlington. 

Ludlow,  Pa. 

Ayer,  Gloucester,  Haverhill, 
Holyoke,  Lenox,  Upton,  Wol- 
laston,  Ithaca,  N.  Y. 


Springfield. 

Hyde  Park,  West  Medford. 

Boston,  Brier,  Brockton,  Fitch- 
burg,  Hopkinton,  Hyde 
Park,  Lov/ell,  Maiden,  North 
Wilbraham,  Wakefield,  West- 
field,  Providence,  R.  I. 

Beverly,  Leominster,  Rowley, 
Salem,  Wellesley. 

Brookfield. 

Palmer. 

Easthampton,  East  Northfield, 
Methuen,  Williamstov/n. 


Chestnut  Hill,  Hamilton, 
Greenfield,  Millbury,  Plain- 
field,  Springfield,  Wellesley. 

Boston,  Framingham. 

Boston. 

Albany,  N.  Y. 


Arlington  (2),  Ashburnham, 
Beverly,  Billerica,  Brookline, 
Chatham,  Conway,  Danvers, 
Essex,  Fairview,  Groton, 
Haverhill,  Hinsdale,  Hollis- 
ton,  Hyde  Park,  Lerox, 
Leominster,  Lowell,  Melrose 
(2),  North  Andover,  Pocas- 
set.  West  Roxbury,  West 
Somerville,  Worcester,  Bel- 
grade Lake,  Me.,  Basking 
Ridge,  N.  J.,  Readsboro,  Vt. 

Belmont,  Groveland,  Williams- 
town,  Woods  Hole. 
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Subject  of  Inquiry. 

Scientific  Name. 

Requests 
FOR  Informa- 
tion AND 

Diagnosis. 

Reported  from  — 

1-1 

o 

a 
o 

Ph 

1 

Polyphemus  moth     . 

Telea  polyphenius 

1 

- 

1 

North  Conway,  N.  H. 

Poplar  borer 

Cryptorhynchus  lapathi 

2 

- 

2 

Dorchester,  Farnumsville. 

Potato  and  cornstalk 
borer. 

Papaipema  nitela 

7 

- 

7 

Boston,  Edgartown  (2),  Groton 
Mansfield,  Medford  Hillside, 
Turners  Falls. 

Potato  flea  beetles     . 

- 

- 

1 

1 

- 

Potato  leaf  hopper    . 

Empoasca  mali  . 

2 

1 

3 

Boston,  Madison,  Wis. 

Potato  lice 

Macrosiphum     solani- 
folii. 

1 

1 

2 

Lowell. 

Poultry  pests     . 

- 

1 

- 

1 

Lexington. 

Pov/der  post  beetles  . 

Lyctus  sp.  . 

1 

- 

1 

Dorchester. 

Promethea  moth 

Callosamia   promethea 

1 

- 

1 

Boston. 

Psocids 

Psocidae 

1 

- 

1 

West  Newbury. 

Purple-backed     cab- 
bage worm. 

Evergesiis   straminalis 

2 

- 

2 

Athol,  Watertov/n. 

Railroad  worm  . 

Rhagoleiis  pomonella  . 

1 

- 

1 

HoUiston. 

Raspberry  cane  borer 

Oberea  bimaculata 

4 

- 

4 

Brookline,  Lynn,  Salem,  Win- 
chendon. 

Rats  .... 

- 

7 

1 

8 

Blandford,  Brockton,  Boyl- 
ston.  North  Dana,  Orange, 
Petersham,  Whitman. 

Red  bugs  . 

- 

- 

1 

1 

- 

Red  spider 

Acarina 

1 

- 

1 

Yakima,  Wash. 

Red  squirrels     . 

- 

1 

- 

1 

Essex. 

Root  borers 

- 

- 

1 

1 

- 

Root  maggots    . 

- 

1 

1 

2 

Dorchester. 

Rose  chafer 

Macrodactylus        sub- 
spinosus. 

2 

1 

3 

Lenox,  Rockport. 

Rose  curculio     . 

Rhodites  bicolor  . 

1 

- 

1 

Rockport. 

Rose     pests     (green- 
house). 

- 

- 

1 

1 

- 

Rose  scale 

Aulacaspis  rosm 

1 

- 

1 

Mansfield. 

San  Jos§  scale    . 

Aspidiotus  perniciosus 

1 

- 

1 

Greenfield. 

SawfJies 

Dolerus  collaris  . 

1 

- 

1 

Boston. 

Sawfly  larvffl 

Tenthredinidse 

1 

- 

1 

Northfield. 

Scales     ■    . 

Coccidse 

4 

1 

5 

Palmer,  South  Braintree, 
Wakefield,  Worcester. 

Screw  worm  fly 

Chrysomyia  macellaria 

1 

- 

1 

Dallas,  Tex. 
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Requests 
FOB  Informa- 

Subject of  Inquiht. 

Scientific  Name. 

tion  AND 
Diagnosis. 

Reported  from  — 

a 
o 

PL, 

Scurfy  scale 

Chionaspis  furfura 

3 

- 

3 

Boston,  Rockport,  Boyertown, 
Pa. 

Seed  maggots     . 

- 

- 

1 

1 

- 

Seed  corn  maggot 

Hylemyia  cilicrura 

1 

2 

3 

Milton. 

Serpentine  park  miner 

Marmara  sp. 

1 

- 

1 

Northborough. 

Sesiid  injury 

Sesia  pyri   . 

- 

1 

1 

Shot  hole  borer 

Ecoptogaster  rugulosus 

1 

- 

1 

Norwood.                                   k 

Silk  worms 

Bombyx  mori 

2 

- 

2 

Wareham  (2).                             ^ 

Silver  fish  . 

Lepisma  saccharina    . 

4 

- 

4 

Boston  (2),  Framingham, 
Greenfield. 

Slug  caterpillars 

Limacodidae 

1 

- 

1 

Dunstable. 

Snout  beetle 

Rhynchophora  . 

1 

- 

1 

Pepperell. 

Soft  scales 

Coccidae 

7 

1 

8 

Greenfield,  Lincoln,  New  Bed- 
ford, Rockland,  Sterling, 
Whitman  (2). 

Sooty  fungus  (follow- 
ing insect  injury). 

- 

- 

1 

1 

_       .           _ 

Sow  bugs   . 

Oniscidae    . 

2 

- 

2 

East  Bridgewater  (2). 

Sphinx  moth     . 

Sphingidae 

2 

- 

2 

Bolton,  South  Boston. 

Spiders 

Arachnida  . 

2 

- 

2 

Lunenburg,  Worcester. 

Spotted  garden  slug  . 

Limax sp.   . 

1 

- 

1 

Fitchburg. 

Spruce  gall  louse 

Chermes  abietis    . 

1 

- 

1 

Pittsfield. 

Squash  bug 

Anasa  tristis 

7 

7 

14 

Dorchester,  Mattapoisett, 
Reading,  Rock,  South  Gard- 
ner, Springfield,  Stoneham. 

Squash  vine  borer     . 

Melittia  satyriniformis 

25 

4 

29 

Boston,  Bradford,  Cambridge, 
Dedham,  Fall  River,  Fram- 
ingham, Holhston,  New  Bed- 
ford, Reading,  Rockland, 
Southborough,  Spencer, 
Stoneham,  Stoughton,  War- 
ren, Wayland,  West  Spring- 
field (2),  Weymouth,  Whit- 
man, Worcester  (5). 

Strawberry  insect 

- 

1 

- 

1 

Albany,  N.  Y. 

Strawberry  pests 

- 

- 

1 

1 

- 

Strawberry  root  worm 

Paria  canellus    . 

1 

- 

1 

Doylestown,  Pa. 

Stripped      cucumber 
beetle. 

Diabrotica  vittata 

14 

1 

15 

Arlington,  Attleboro  Falls, 
Boston,  Fall  River,  Framing- 
ham,  Holliston,  Hyde  Park, 
Mattapoisett,  Raynham 
Center,  Rockland,  South- 
borough,  Stoneham,  Way- 
land,  Worcester. 
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Scientific  Name. 
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Diagnosis. 

Reported  from  — 

o 
c 
o 

1 

Sugar  maple  borer     . 

Plagionotus   speciosus 

1 

- 

1 

Chesterfield. 

Syrphid  fly 

Syrphidse   . 

1 

- 

1 

Amherst, 

Tabanid  fly 

Tabanus  sp. 

1 

- 

1 

Wellesley  Farms. 

Tarnished  plant  bug  . 

Lygus  pratensis  . 

3 

1 

4 

Boston,  Hubbardston,  Tem- 
pleton. 

Tent  caterpillar 

Malacosoma  americana 

1 

1 

2 

South  Boston. 

Termites    . 

Termitidse 

1 

2 

3 

Pocasset. 

Terrapin  scale    . 

Lecanium    nigrofasci- 
atum. 

4 

2 

6 

Holyoke  (2),  Northampton,. 
Pittsburg,  Pa. 

Thrips 

Thysanoptera     . 

1 

- 

East  Whately. 

Thread-waisted  wasps 

Sphecoidea 

1 

- 

Barnard,  Vt. 

Three-lined       potato 
beetle. 

Lema  S-lineata    . 

1 

- 

New  Bedford. 

Thysbe  moth     . 

Hemaris  thysbe   . 

1 

- 

Bridge  water. 

Tiger  triton 

Amphibia  . 

1 

- 

Greenfield. 

Tomato  worm    . 
Tree  hopper 

Phlegethontius  5-macu- 

lata. 
Membracidae 

2 
4 

- 

Cliftondale,  Rockland. 

Grafton,  Medway,  Springfield,. 
Taunton. 

Trumpet  grape  gall   . 

Vitis  nticola 

1 

- 

Amherst. 

Trumpet  leaf  miner  . 

Tischeria  malifoliella  . 

2 

- 

Ipswich,  Maynard. 

Tulip  tree  scale 

Toumeyella  liriodendri 

1 

- 

Westfield. 

Two-spotted        lady 
beetle. 

Adalia  bimaculata 

1 

- 

Needham. 

Walking  stick     . 

Phasmidse  . 

1 

- 

Wrentham. 

White  flies 

Aleyrodidse 

2 

2 

Springfield,  Worcester. 

White  grub 

Lachnosterna  sp. 

8 

1 

9 

Amherst,  Concord  (2),  Hudson,, 
Melrose,  Shrewsbury,  Spring- 
field, West  Newbury. 

White-marked  tussock 
moth. 

Hemerocampa    leucos- 
stigma. 

2 

- 

2 

Maynard,  Springfield. 

White  pine  weevil 

Pissodes  strobi     . 

2 

- 

2 

Holliston,  Silver  Lake  P.  0. 

Wireworms 

Elateridae   . 

3 

1 

4 

Medfield,  Plymouth,  Ran- 
dolph. 

Willow  insects    . 

- 

1 

- 

1 

North  Truro. 

Woolly  apple  aphis    . 

Schizoneura  lanigera  . 

6 

2 

8 

Boston,  Longmeadow,  North- 
ampton, Wakefield,  Wobiirn 
(2). 

Zebra  caterpillar 

Mamestra  picta   . 

1 

- 

1 

South  Duxbury. 

- 

'Aegeria  sp. 

1 

- 

1 

Brooklyn,  N.  Y. 
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Diagnosis  and  Advice  regarding  Insect  Injury  given  in  Response  to  Letters 
and  Telephone  Calls,  for  the  Year  ending  Nov.  30,  1921  —  Concluded. 


Subject  of  Inquibt. 

Scientific  Name. 

Requests 
FOR  Informa- 
tion AND 
Diagnosis. 

Reported  from  — 

a 
o 

3 

Totals 

Anomala  lucicola 
Apanteles  congregatus 
Basilarchia  archippus 
Carabus  auratus 
Hsmienoptera     . 
Lepidoptera 

1 

1 

2 

1 

1 

616 

3 
222 

1 
1 

3 
2 
1 
1 
838 

South  Lincoln. 
Waltham. 

Melrose  Highlands,  Winchester. 
Washington,  D.  C. 
Miniota,  Man. 

The  Crop  Disease  Situation  in  1921. 

Department  of  Botany, 
Peof.  a.  V.  OsMUN,  Head. 

About  the  usual  number  of  plant  diseases  was  reported  during 
the  year.  Six  hundred  and  thirty-nine  diagnoses,  representing 
166  different  diseases,  were  made  by  the  department  in  response 
to  requests  for  assistance.  However,  the  season  was  rather 
free  from  serious  outbreaks  of  disease,  only  three  assuming 
the  importance  of  epidemics. 

Weather  conditions  are  a  very  large  controlling  factor  in  the 
occurrence  and  prevalence  of  plant  diseases.  In  general, 
periods  of  heavy  precipitation  and  high  humidity  during  the 
growing  season  favor  outbreaks  of  disease.  This,  however, 
by  no  means  applies  to  all  plant  diseases. 

The  season  of  1921  opened  with  an  unusually  warm  and  wet 
spring  which  advanced  vegetation  fully  a  week  beyond  normal. 
The  longest  period  of  rainfall  of  the  entire  year,  extending 
over  seven  days,  from  April  27  to  May  3,  provided  conditions 
ideal  for  the  discharge  and  germination  of  the  ascospores  of 
the  apple  scab  fungus,  Venturia  inaequalis,  with  consequent 
abundant  scab  infection  of  the  apple.  The  most  serious  out- 
break of  apple  scab  in  years  resulted,  and  certain  varieties. 
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notably  Mcintosh,  were  severely  infected,  especially  where 
effective  spraying  was  not  practiced.  A  second  period  of  heavy 
rainfall,  accompanied  by  high  temperatures  and  humidity, 
occurred  in  July.  During  this  period  there  was  much  secondary 
scab  infection  on  both  fruit  and  leaves.  Had  not  the  apple 
crop  been  greatly  reduced  by  a  killing  frost  on  May  12,  to 
which  further  reference  will  be  made,  the  loss  from  scab  doubt- 
less would  have  been  enormous.  This  opinion  is  supported  by 
records  of  observation  in  many  orchards  where  a  small  amount 
of  fruit  survived  the  freeze,  and  the  Mcintosh  showed  from 
90  to  100  per  cent  infection. 

The  fruit  crops  were  severely  damaged  by  heavy  frosts  on 
April  19  and  20  and  on  May  12.  The  first  freeze  injured 
cherries  and  plums  in  the  bud,  especially  in  the  western  part 
of  the  State.  The  damage,  however,  was  not  total,  resulting 
only  in  thinning  of  the  buds;  and  had  not  the  May  12  freeze, 
which  was  general  throughout  the  State,  completed  the 
damage,  doubtless  a  good  crop  of  cherries  and  plums  would 
have  been  harvested. 

Peaches  suffered  to  some  extent,  but  their  protective 
covering  of  woolly  hairs  seems  to  have  prevented  serious 
injury  from  the  frosts,  and  many  varieties  produced  a  good 
crop  of  fruit. 

The  damage  to  apples  caused  by  the  low  temperatures  of 
April  19  and  20  was  not  apparent  until  the  opening  of  the 
fruit  buds  about  ten  days  later,  when  it  was  observed  that 
many  of  the  buds  had  been  partially  injured  as  indicated  by 
a  variety  of  abnormalities,  mostly  due  to  killing  of  part  of  the 
petals  and  stamens.  Few  of  the  buds  showing  such  injury 
developed  normal  fruit.  The  May  freeze,  which  occurred  after 
the  petal  drop,  proved  much  more  disastrous  to  the  apple, 
kilHng  the  newly  set  fruit  outright.  From  75  to  90  per  cent  of 
the  fruit  set  on  Baldwin  and  Mcintosh  was  ruined.  Early 
varieties,  such  as  Wealthy,  Yellow  Transparent  and  Graven- 
stein,  did  not  suffer  to  any  great  extent,  probably  due  to  their 
more  advanced  development.  The  damage  was  greatest  in  the 
eastern  section  of  the  State. 

Tobacco  wildfire,  caused  by  Bacterium  tobacum,  was  first 
observed  in  Massachusetts  in  1920,  but  only  three  cases  were 
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reported.  In  the  spring  of  1921  a  general  epidemic  of  the 
disease  occurred  in  the  seed-beds  of  the  Connecticut  valley, 
causing  widespread  concern  among  tobacco  growers.  From 
the  seed-beds  the  disease  was  carried  to  the  field,  where  in 
many  instances  it  spread  with  alarming  rapidity.  No  attempt 
has  been  made  to  estimate  the  loss  from  this  disease,  but 
fields  in  which  infection  of  the  plants  was  practically  total 
were  not  uncommon.  Naturally,  the  value  of  such  a  crop  is 
very  greatly  reduced,  if  indeed  the  grower  is  able  to  find  a 
market  for  it.  Although  there  has  been  no  thorough  study  of 
the  relation  of  weather  conditions  to  occurrence  and  spread  of 
wildfire,  it  is  known  that  moisture  favors  its  development,  and. 
that  rain  contributes  to  its  dissemination  in  the  field.  It 
therefore  seems  probable  that  the  abnormally  wet  weather  of 
April  and  May  was  of  major  importance  in  the  outbreak  and 
development  of  the  disease  in  seed-beds,  and  that  the  frequent 
showers  and  high  humidity  were  to  a  large  degree  responsible 
for  its  spread  and  development  in  the  field. 

The  third  disease  to  appear  in  epidemic  form  was  the  downy 
mildew  of  cucumber  and  melon  caused  by  Pseudoperonospora 
cuhensis.  This  disease  is  favored  by  warm,  humid  and  rainy 
weather  occurring  after  the  first  of  June.  It  causes  no  ap- 
preciable injury  in  dry  summers.  The  earliest  recorded  seasonal 
date  of  its  appearance  in  Massachusetts  is  May  1,  1915.  In 
1921  it  was  first  noted  early  in  June,  when  it  appeared  on 
cucumbers  both  in  greenhouses  and  out  of  doors.  From  that 
time,  favored  by  weather  conditions  of  late  June  and  July,  it 
spread  and  developed  rapidly.  The  resultant  damage  to  the 
cucumber  crop  was  very  heavy,  for  following  the  initial  out- 
break vines  were  killed  and  new  growth  was  very  generally 
checked,  thus  effectively  preventing  setting  and  development  of 
new  fruit.  In  a  few  houses,  where  Bordeaux  mixture  was 
applied  under  the  direction  of  the  department,  the  disease 
was  held  in  check  and  paying  crops  were  harvested.  Judging 
from  this  year's  results  it  is  probable  that  spraying  for  cu- 
cumber mildew  under  glass  will  prove  profitable  in  years  when 
the  disease  appears.  As  the  spraying  was  in  no  instance 
started  until  after  the  mildew  appeared  on  the  vines,  it  seems 
likely  that  a  preventive  spray,  that  is,  one  applied  prior  to 
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occurrence  of  the  disease,  will  not  be  necessary,  thus  eliminating 
the  necessity  of  spraying  in  years  of  no  mildew. 

The  season  was  further  notable  for  the  almost  complete 
absence  of  potato  late  blight  which  so  often  proves  disastrous 
to  the  crop  in  years  when  wet  weather  occurs  in  August  and 
September.  The  condition  is  explained  by  the  fact  that  the 
rainfall  and  humidity  both  of  these  months  and  of  October 
were  considerably  below  normal. 

Diagnosis  of  Plant  Diseases. 
A  statement  of  the  kind  and  character  of  the  plant  diseases 
for  which  diagnostic   service   was  requested   during   the   year 
follows :  — 
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Amherst. 
South  Deerfield. 
Rowe. 



05 

Nematode  worms 

Physiological 

Root-knot    .... 
Disease  undetermined 
Sun-scald     .... 

Violet      .... 
Walnut  Cblack)        . 
Wisteria  .... 

c 
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METEOROLOGICAL  OBSERVATIONS. 


DEPAKTMKNT   OF   METEOBOLOGY, 
PROF.  J.  E.  OSTRANDER,  HEAD. 


Annual  Summary  for  1921. 

Pressure  (in  Inches). 

Maximum  reduced  to  freezing        ....  30.56,  Jan.  19,  10  a.m. 

Minimum  reduced  to  freezing        ....  29.03,  Oct.  20,    3  p.m. 

Maximum  reduced  to  freezing  and  sea  level        .  30.90,  Jan.  19,  10  a.m. 

Minimum  reduced  to  freezing  and  sea  level         .  29.33,  Oct.  20,    3  p.m. 

Mean  semi-daily  reduced  to  freezing  and  sea  level  .       .       .         30.040 

Annual  range 1.57 

Air  Temperature  (in  Degrees  rAHR.).^ 

Highest 96.0,  June  22,  3  p.m. 

Lowest — 6.0,  Jan.  19,  7  a.m. 

Mean  hourly 49.5 

Mean  of  means  of  maximum  and  minimum 49.8 

Mean  sensible  (wet  bulb) 44.4 

Annual  range 102.0 

Highest  mean  daily 80.6,  July  8 

Lowest  mean  daily 4.0,  Jan.  19 

Mean  maximum 60.5 

Mean  minimum 39.0 

Mean  daily  range 21.5 

Greatest  daily  range 48.5,  Oct.  15 

Least  daily  range 3.0,  Nov.  19 

Humidity. 

Mean  dew  point ■  40.4 

Mean  force  of  vapor 405 

Mean  relative  humidity  . 76.0 

Wind. 
Prevailing  direction W.  S.  W. 

1  Temperature  in  ground  shelter. 
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Summary. 

Sovith  southwest 22  per  cent 

North 10  per  cent 

Northwest 10  per  cent 

Other  directions 58  per  cent 

Total  movement 52,373  m. 

Greatest  daily  movement 465  m.,  Jan.  25 

Least  daily  movement 13  m.,  July  4 

Mean  daily  movement 143  m. 

Mean  hourly  velocity 6.0  m. 

Maximum  pressure  per  square  foot,  29.0  lbs.,  =  76  m.  per  hour,  Dec.  18, 

5  A.M.  W.S.W. 
Maximum  velocity  for  5  minutes,  36  m.  per  hour,  Nov.  5,  7  a.m.  N.W.; 

Dec.  18,  7  A.M.  W.S.W. 

Peecipitation  (in  Inches). 

Total  precipitation,  rain  or  melted  snow 42.22 

Snow  total  in  inches 37.5 

Number  of  daj^s  on  which  .01  or  more  rain  or  melted  snow  fell       .  131 

Weather. 

Mean  cloudiness  observed 50  per  cent 

Total  cloudiness  recorded  by  sun  thermometer  .    1,819  hrs.  =  40  per  cent. 

Number  of  clear  days 126 

Number  of  fair  days 141 

Number  of  cloudy  days 98 

Bright  Sunshine. 
Number  of  hours  recorded 2,695  hrs.  =  60  per  cent 

Dates  of  Frosts. 

Last May  12 

First Oct.  9 

Dates  of  Snow. 

Last April  18 

First Nov.  7 

Total  days  of  sleighing 28 

Gales  of  50  or  More  Miles  Per  Hour. 
Mar.  29,  50m.,  N.;  Nov.  5,  61m.,  N.W.;  Dec.  3,  54m.,  W.N.W.;  Dec.  18, 
76m.,  W.S.W. 
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REPORT  OF  THE  TREASURER. 


FRED   C.  KENNEY. 


United  States  Appropjiations,  1920-21. 


Hatch  Fund. 

Adams  Fund. 

Dr. 

To  receipts  from  the  Treasurer  of  the  United 

States,  as  per  appropriations  for  the  fiscal  year 

ended  June  30,  1921,  under  acts  of  Congress 

approved  March  2,  1887,  and  March  16,  1906, 

$15,000  00 

$15,000  00 

Cr. 

Adams: 

By  salaries 

$14,171  24 

labor 

512  82 

1 

seeds,  plants  and  sundry  sup- 

1 

plies    

98  88 

1 

fertilizer 

142  48 

1 

feeding  stuffs        .... 

8  45 

scientific  apparatus  and  speci- 

mens   

66  13 

$15,000  00 

15,000  00 

Hatch:  — 

By'salaries 

$14,902  50 

labor       

97  50 

15,000  00 

1 

\ 

$15,000  00 

5 

f 

I 
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State  Appropriations,  1920-21. 

Cash  balance  brought  forward  from  last  fiscal  year       .       .  - 

Cash  received  from  State  Treasurer  .       .       .       .       .       .  $76,430  03 

fees 15,095  88 

sales 10,128  13 

miscellaneous 343  56 

$101,997  60 


Cash  paid  for  salaries $41,957  85 

labor .  17,115  23 

publications 1,327  74 

postage  and  stationery 2,017  22 

freight  and  express 266  50 

heat,  light,  water  and  power     ....  525  08 

chemicals  and  laboratory  supplies    .       .       .  1,388  81 

seeds,  plants  and  sundry  supplies     .       .       .  2,688  64 

fertihzer 1,079  18 

feeding  stuffs 1,611  83 

library 691  98 

tools,  machinery  and  appliances       .       .       .  952  09 

furniture  and  fixtures 112  45 

scientific  apparatus  and  specimens  .       .       .  269  83 

Uve  stock 1,143  00 

traveling  expenses 2,346  35 

contingent  expenses 30  00 

buildings  and  land 906  25 

Remitted  to  State  Treasurer 25,567  57 

Total $101,997  60 
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DEPARTMENTS    OP    CHEMISTRY,    ENTOMOLOGY    AND 

BOTANY. 


INSECTICIDES  AND  FUNGICIDES 

FOR  FARM  AND  ORCHARD  CROPS  IN  MASSA- 
CHUSETTS. 


BY  E,  B.  HOLLAND,  A.  I.  BOURNE  AND  P,  J.  ANDERSON. 


The  successful  production  of  farm  and  orchard  crops  depends  in  large 
measure  on  the  protection  afforded  against  injurious  insects  and  bacterial 
and  fungous  diseases.  Obviously  there  is  no  remedy  —  that  is,  no  panacea 
for  all  noxious  insects  and  parasitic  diseases  of  plant  life  —  that  would  not 
also  destroy  the  host.  The  method  of  treatment,  therefore,  must  be 
essentially  specific,  and  for  convenience  will  be  divided  into  three  major 
groups:  (A)  Insecticides,  (B)  Fungicides,  and  (C)  Combined  applications. 

A.    INSECTICIDES. 

The  injurious  insects  that  infest  the  crops  under  consideration  are  of 
two  distinct  types  as  determined  by  their  mode  of  feeding:  i.e.,  biting 
and  sucking.  The  former  type  consumes  organized  tissue,  and  the  latter 
draws  sustenance  from  plant  juices.  The  respective  treatment  of  the  two 
types  is  necessarily  different  and  warrants  a  division  of  insecticides  into 
(I)  Stomach  poisons  for  biting  insects,  and  (II)  Contact  poisons  for  suck- 
ing insects.  The  stomach  poisons  of  to-day  owe  their  origin  largely  to  the 
Colorado  potato  beetle,  and  the  contact  poisons  to  the  San  Jose  scale. 

The  acknowledged  requisites  for  an  insecticide  are  — 

1.  Non-toxicity  as  to  plant. 

2.  Effectiveness  in  destrosang  the  insect. 

3.  Adhesiveness  or  persistence  under  all  weather  conditions. 

4.  Fineness  of  particles  and  a  light  flocculent  character  (when  insoluble)  to  insure 
a  high  power  of  suspension  and  uniform  distribution. 

-  5.  AbUity  to  indicate  the  suiface  covered.  "^ 

6.  Reasonable  cost. 
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The  factors  that  faciUtate  distribution  naturally  differ  somewhat  in 
soluble  and  insoluble  products,  dust  and  spray  applications.  These 
attributes  comprise  a  standard  for  judging  insecticides,  and  apply  in 
principle  to  fungicides  as  well. 

I.    STOMACH  POISONS  FOR  BITING  INSECTS. 

Nearly  all  stomach  poisons  of  the  present  time  are  compounds  of 
arsenic,  and  this  has  led  to  the  general  use  of  the  term  "arsenicals"  for 
this  group  of  insecticides.  Very  little  work  has  been  done,  and  still  less 
has  been  published,  in  regard  to  the  exact  nature  of  the  toxic  action  of 
arsenic  on  the  physical  structure  of  insects.  The  fact  that  this  action 
takes  place  and  the  rapidity  of  its  killing  effect  upon  the  insects  in  question 
have  been  practically  the  only  points  to  which  writers  have  hitherto  given 
their  attention. 

The  sprays  consist  of  minute  particles  of  the  poison,  suspended  in  the 
water  or  other  vehicle,  which  are  deposited  upon  the  food  of  the  insect  and 
adhere  to  it  upon  drying. 

1.    Arsenic  ALS. 

There  are  two  forms  of  arsenicals  to  be  considered:  — 

1.  The  lower  or  arsenous  oxide,  or  arsenic  trioxide  (white  arsenic)  (AS2O3). 

2.  The  higher  or  arsenic  oxide,  or  pentoxide  (AS2O5). 

When  these  two  oxides  are  combined  with  bases,  the  former  yields  the 
so-called  (a)  Arsenites,  and  the  latter  (6)  Arsenates. 

Arsenites  as  a  class  are  noticeably  more  active  poisons  than  the  ar- 
senates, but  are  relatively  unstable  and  more  likely  to  cause  injury  to  the 
plant,  and  for  that  reason  they  have  been  largely  supplanted. 

Depending  on  the  form  in  which  the  arsenic  may  be  present,  arsenicals 
are  sold  on  a  guaranty  in  which  the  amount  of  arsenic  (the  active  principle) 
may  be  stated  in  the  following  terms :  — 

Percentage  of  arsenous  oxide  or  arsenic  trioxide  (AS2O3)  or  white  arsenic. 
Percentage  of  arsenic  pentoxide  (AS2O5). 
Percentage  of  elemental  arsenic  (metallic  arsenic). 

The  first  form  is  used  in  guaranties  of  Paris  green,  whereas  either  the 
second  or  third  form  is  used  in  stating  guaranties  of  arsenates.  Notwith- 
standing the  fact  that  the  killing  power  of  arsenates  and  arsenites  varies 
in  rapidity,  and  possibly  in  final  extent,  the  percentage  of  metallic  arsenic 
seems  to  be  the  only  common  denominator  by  which  to  compare  one 
arsenical  with  another. 

(a)    Arsenites. 

A  number  of  arsenites  have  been  placed  on  the  market  at  one  time  or 
another.  Paris,  Schweinfurt,  or  Emerald  green,  a  well-known  poisonous 
pigment,  was  first  used  about  1868  (1).  ^    This  date,  therefore,  marks  the 

I  Numbers  in  parentheses  indicate  literature  cited,  which  will  be  found  on  pages  35-37. 
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beginning  of  the  era  in  which  active  agents  supersede  the  old-time  repel- 
lents (2),  which  were  usually  characterized  by  offensive  (both  odor  and 
taste)  or  caustic  rather  than  poisonous  properties.  Some,  however,  miay 
.  have  possessed  value  as  contact  poisons.  In  1875  Scheele's  green  (3)  was 
introduced,  in  1877  London  purple  (4),  and  in  1891  calcium  arsenite  (5). 

There  are  several  other  commercial  products  which  are  worthy  of  men- 
tion, although  many  of  them  contain  soluble  arsenic,  and  in  some  cases 
uncombined  white  arsenic  may  have  been  a  constituent.  Gray  arsenoid 
was  a  mixture  of  calcium  and  copper  arsenites.  Barium  arsenite  or  white 
arsenoid  was  essentially  a  mixture  of  barium  compounds  and  of  arsenic 
rather  than  a  true  salt.  Zinc  arsenite  was  employed  by  potato  growers  in 
certain  localities  for  a  few  seasons.  Laurel  green  was  a  mixture  of  copper 
arsenite,  gypsum  and  green  sand.  Paragrene  was  a  mixture  of  Paris  green 
and  gypsum. 

Paris  green,  because  of  its  quick  action  and  comparative  safeness  when 
applied  with  lime,  still  maintains  a  place  in  the  list  of  recommended  ar- 
senicals,  but  has  certainly  lost  much  of  its  former  prominence. 

(1)     Paris  Green. 
Composition.  —  Paris  green  is  a  copper  aceto-arsenite  for  which  the 
formula  of  Eugene  Ehrmann  is  generally  accepted :  — 

(CH3COO)2  Cu.3Cu  (As02)2 

As  a  double  salt  it  may  be  said  to  consist  of  1  part  of  copper  acetate  and 
3  parts  of  copper  metarsenite.  The  composition  of  the  theoretical  salt 
is  as  follows :  — 

Per  Cent. 
.  31.385 
.       58.550 


Cupric  oxide  (CuO),  ..... 

Arsenous  oxide  (AsaOs),      ..... 
Equivalent  to  metallic  arsenic  (As)  (per  cent), 
Ratio  CuO  :  AS2O3,       ..... 

Acetic  anhydride  (CH3CO)20 


44.350 
1  : 1.866 


10.065 


100.000 


Stability.  —  While  Paris  green  is  nominally  insoluble  in  water,  it  is  in 
reality  unstable,  and  breaks  down  under  continuous  percolation  of  water, 
with  the  liberation  of  soluble  and  hence  injurious  arsenic.  Carbonic  acid, 
ammonia  and  certain  alkaline  salts  likewise  tend  to  increase  the  solubility 
of  the  arsenic.  Since  conditions  which  control  the  presence  of  these  sub- 
stances cannot  always  be  foretold,  it  is  always  well  to  add  milk  of  lime  to 
Paris  green  to  prevent  arsenical  injury.  It  does  this  by  uniting  with  the 
free  and  loosely  combined  arsenic  to  form  calcium  arsenite,  which  is  in- 
soluble and  hence  non-injurious  to  the  foliage. 

Form  of  Guaranty.  —  The  form  of  guaranty  under  which  Paris  green  is 
sold  is  as  follows :  — 

Per  Cent. 
Total  arsenous  oxide,  not  less  than  .  .  .  .  .  .  .50.00 

Water  soluble  arsenous  oxide,  not  more  than  .  .  .  .  .  .       3 .  50 
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The  statement  of  total  arsenous  oxide  in  the  above  guaranty  may  be 
taken  as  representing  the  effectiveness  of  the  material  in  terms  of  the 
killing  principle  which  it  contains.  The  statement  of  soluble  arsenous  oxide 
indicates  the  maximum  amount  of  injurious  compounds  of  arsenic. 

The  above  guaranty  corresponds  to  the  Federal  standard.  Paris  green 
as  offered  for  sale  in  this  State  fully  meets  this  guaranty. 

To  summarize:  Paris  green  is  of  high  arsenic  content,  and  that  in  the 
form  of  arsenous  oxide,  nominally  insoluble  in  water,  but  unstable,  hy- 
drolyzing  readily,  and  likely  to  cause  injury  unless  applied  with  lime:  It 
is  an  active  poison  with  a  low  power  of  suspension,  but  admitting  of 
reasonable  distribution;  a  poor  indicator  without  lime  of  the  leaf  surface 
covered;  and  of  fair  adhesiveness  and  persistence  under  average  weather 
conditions. 

(6)    Arsenates. 

As  a  group  arsenates  are  rapidly  supplanting  arsenites,  because  they 
have  greater  stability  and  are  less  likely  to  injure  foliage.  Of  the  five 
arsenates  which  at  one  time  or  another  have  been  used  in  practice  or  have 
been  sold  in  commerce,  lead  arsenate,  developed  in  1894  (6),  is  unquestion- 
ably the  most  satisfactory.  Calcium  arsenate,  first  manufactured  about 
1 9 1 2 ,  ^  is  serviceable ,  but  has  a  more  limited  field  of  usefulness .  Magnesium 
arsenate  has  been  on  the  market  for  but  two  seasons,  while  the  arsenates 
of  zinc  and  iron  are  of  but  minor  importance. 

(1)     Lead  Arsenate. 

F.  C.  Moulton  (7),  chemist  for  the  Massachusetts  Gypsy  Moth  Com- 
mission, was  the  first  to  prepare  arsenate  of  lead  for  insecticide  purposes 
in  1892.  The  work  was  continued  by  F.  J.  Smith  (8),  who  studied  various 
matters  pertaining  to  the  manufacture,  and  stated  that  ordinary  spray 
material  was  not  a  single  salt,  but  a  mixture  of  neutral  and  acid  arsenates. 
Lead  arsenate  paste  appears  to  have  been  first  prepared  commercially 
about  1895  by  the  Merrimac  Chemical  Company  of  Boston,  under  the 
trade  name  of  Swift's  arsenate  of  lead.  Disparene,  manufactured  by  the 
Bowker  Insecticide  Company  of  Boston,  followed  soon  after.  Dry  lead 
arsenate  (Electro)  was  prepared  as  an  insecticide  by  the  Vreeland  Chemical 
Manufacturing  Company  of  New  York  about  1909.  The  Cahfornia  Ex- 
periment Station  mentioned  a  dry  product  in  1903,  but  gave  no  informa- 
tion as  to  its  source.  Dry,  hulky  acid  lead  arsenate  was  first  prepared  in 
1912  by  the  Corona  Chemical  Company  of  Milwaukee,  Wis. 

There  appear  to  be  three  different  lead  arsenate  salts,  as  follows :  — 

1.  Acid  lead  arsenate,  PbHAsOi.  This  is  the  lead  arsenate  ordinarily  sold  in  New 
England. 

2.  Neutral  lead  arsenate,  Pb3(As04)2. 

3.  Basic  lead  arsenate  (9),  Pb60H(As04)3. 

1  Correspondence  from  manufacturers  on  file. 
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A  few  writers  claim  that  pyroarsenate,  Pb2As207,  may  occur  in  com- 
mercial products,  but  the  evidence  at  hand  does  not  support  the  assertion. 

Composition.  —  The  composition  of  theoretical  acid,  neutral  and  basic 
lead  arsenates  is  as  follows :  — 


Acid 

Lead  Arsenate 

(Per  Cent). 

Neutral 

Lead  Arsenate 

(Per  Cent). 

Basic 

Lead  Arsenate 

(Per  Cent). 

Lead  oxide  (PbO) 

64.291 

74.440 

75.924 

Arsenic  pentoxide  (AS2O5), 

33.114 

25.560 

23.463 

Equivalent  to  metallic  arsenic    (As) 

(per  cent) . 
Ratio  AS2O5:  PbO,       .... 

21,590 

16.667 

15.299 

1:1.942 

1  :2.912 

1:3.236 

Water  of  combination 

2.595 

0.000 

0.613 

100.000 

100.000 

100.000 

From  the  above  table  it  is  evident  that  the  acid  lead  arsenate  as  it  is 
sold  in  New  England  is  considerably  more  concentrated  than  is  either 
the  neutral  lead  arsenate  or  the  basic  lead  arsenate.  From  economic 
standpoints  alone  this  matter  is  of  importance. 

Physical  Properties.  —  These  products,  whether  acid  or  mixed  acid 
and  neutral  arsenates,  are  usually  smooth  white  pastes  of  finely  divided, 
amorphous  particles,  less  than  1  A'  in  size,  with  a  good  power  of  suspension 
and  exceptional  adhesiveness.  The  so-called  neutral  salt  has  almost  in- 
variably been  a  mixture  of  acid  and  neutral,  and  very  little  has  been 
marketed.  The  physical  structure  of  the  neutral  salt,  or  of  mixtures  con- 
taining considerable  neutral  lead  arsenate,  is  rather  inferior  to  that  of  the 
acid  salt,  and  the  basic  material  used  in  southern  California  is  said  to  be 
relatively  coarse  and  granular.  The  power  of  suspension  is  injured  by 
drying  or  freezing.  These  pastes  are  compact  and  "greasy,"  but  fairly 
miscible  with  water  when  properly  handled.  The  acid  salt  is  less  com- 
pact, has  a  lower  specific  gravity  and  higher  power  of  suspension,  and  is 
a  more  active  poison  than  the  neutral  or  basic.  The  specific  gravity  of 
the  acid  salt  (amorphous  form)  (10)  at  15/15°  C.  is  5.93,  the  neutral  (10), 
7.32,  and  the  basic  (11),  at  20/4°  C,  7.105. 

More  recently  the  dry  powders  have  displaced  the  pastes  in  large 
measure  at  a  material  saving  in  cost  of  containers,  transportation,  possible 
leakage  and  danger  of  injury  on  storage.  This  product  is  a  white,  bulky 
(fluffy)  powder  of  fine  amorphous  particles,  with  a  very  high  power  of 
suspension  and  excellent  adhesiveness.  The  "old  type"  dry  acid  arsenate 
ran  about  40  cubic  inches  to  the  pound,  and  the  "new  type"  70  to  80 
cubic  inches.  The  neutral  and  basic  products  are  more  dense,  but  actual 
figures  are  not  available,  as  they  are  seldom  if  ever  marketed  in  dry  form. 
The  product,  as  offered  in  Massachusetts  markets,  is  essentially  the  acid 
arsenate.  It  is  more  readily  miscible  with  water  than  the  paste,  and  a  time 
saver  in  this  respect. 
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Stability.  —  Acid  and  neutral  lead  arsenates  are  practically  insoluble 
in  cold  water,  but  continuous  percolation  may  cause  decomposition.  Hot 
water  is  more  effective,  but  may  cause  slight  hydrolysis,  particularly  of 
the  acid  salt.  DUute  solutions  of  sodium  carbonate,  sodium  chloride  and 
sodium  sulfate  have  been  shown  (12,  13)  to  increase  the  solubility  of  the 
arsenic,  especially  where  the  common  acid  lead  arsenate  is  used.  StabiUty 
may  be  obtained  by  adding  calcium  hydroxide  (milk  of  lime)  to  acid  or 
neutral  arsenate.  The  former  wiU  necessarily  require  more  base  to  afford 
like  protection.  The  basic  salt  sold  in  the  West  contains  only  about  20 
to  22  per  cent  of  arsenic  pentoxide  on  a  dry  basis. 

Form  of  Guaranty.  —  The  usual  form  of  guaranty  under  which  dry  lead 
arsenate  is  sold  is  substantially  as  f oUows :  — 

Per  Cent. 

Active  ingredients :  — 

Lead  arsenate,  not  less  than  .  .  .  .  .  .  .       98 .  00 

Total  arsenic  pentoxide,  not  less  than      .  .  .  .  31.00 

TofaZ  arsenic  (as  metallic),  not  less  than  .  .  .  20.20 

Inert  ingredients,  not  more  than  .  .  .  .  .  .  .  .2.00 


100.00 


Water  Soluble. 
Soluble  arsenic  pentoxide,  not  more  than        .  .  .  .  .  .         0.75 

(SoZu&Ze  arsenic  (as  metallic),  not  more  than    .  .  .  .  .  .         0.50 

As  in  the  case  of  Paris  green,  an  article  is  desired  which  contains  a  high 
percentage  of  total  arsenic  with  a  low  maximum  percentage  of  soluble 
arsenic.  It  is  well  to  note  further  that  in  the  above  guaranty  the  essential 
statements  are  those  italicized.  The  othgr  statements  made  simply  repeat 
this  information  in  different  form. 

The  Federal  standard  (14)  for  commercial  lead  arsenate  specifies  not 
more  than  50  per  cent  of  water,  nor  less  than  12.50  per  cent  of  total 
arsenic  pentoxide  (equivalent  to  8.15  per  cent  metallic  arsenic),  and  not 
more  than  0.75  per  cent  of  arsenic  pentoxide  soluble  in  water  (equivalent 
to  0.49  per  cent  metallic  arsenic). 

To  maintain  a  high  standard  of  purity  the  product,  whether  paste  or 
powder,  should  be  substantially  free  from  carbonate,  chloride,  sulfate 
and  acid  soluble  matter,  and  should  not  contain  more  than  2.50  per  cent, 
on  a  dry  basis,  of  water  soluble  by-products.  The  dry  acid  lead  arsenate 
sold  in  the  East  is  usually  guaranteed  to  contain  30  or  31  per  cent  of  total 
arsenic  pentoxide  (equivalent  to  19.56  or  20.21  per  cent  metallic  arsenic), 
and  not  more  than  0.75  or  1  per  cent  of  arsenic  pentoxide  soluble  in  water 
(equivalent  to  0.49  or  0.65  per  cent  metallic  arsenic).  The  paste  is  usually 
guaranteed  to  contain  15  per  cent  arsenic  pentoxide  (equivalent  to  9.78 
per  cent  metallic  arsenic),  and  not  more  than  0.75  per  cent  arsenic  pen- 
toxide soluble  in  water. 

To  summarize:  Lead  arsenate  is  of  low  arsenic  content,  and  that  in 
the  form  of  pentoxide,  practically  insoluble  in  water,  fairly  stable  under 
New  England  weather  conditions,  and  may  be  appUed  to  most  plants 
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with  little  danger  of  injury.  It  is  a  slow-acting  poison  but  effective;  the 
fineness  of  particles  and  light  fiocculent  character  insure  a  high  power  of 
suspension  and  uniform  distribution;  the  white  mixture  readily  indicates 
the  leaf  surface  covered,  and  dries  to  a  film  which  adheres  with  great 
persistence. 

(2)     Calcium  Arsenate. 

Arsenate  of  lime  was  employed  as  an  insecticide  about  1912,  or  possibly 
earher.  Dry  arsenate  of  lime  appears  to  have  been  first  prepared  com- 
mercially by  Riches,  Piver  &  Co.  of  New  York.  The  late  war,  with  re- 
sulting high  prices,  brought  the  product  into  prominence. 

As  mth  lead  arsenate  there  are  three  separate  products  to  be  considered, 
as  follows :  — 

1.  Acid  calcium  arsenate,  CaHAs04H20. 

2.  Neutral  calcium  arsenate,  Ca3(As04)22H20. 

3.  Basic  calcium  arsenate,  a  product  of  rather  variable  composition,  probably- 
depending  on  the  amount  of  excess  lime.  This  is  the  commercial  article  sold  under 
the  name  of  calcium  arsenate. 


Composition.  —  The  composition  of  theoretical  acid  and  neutral  calcium 
arsenates,  and  of  a  conmiercial  basic  calcium  arsenate,  is  substantially  as 
follows :  — 


Acid  Calcium 

Arsenate 

(Per  Cent). 

Neutral  Calcium 

Arsenate 

(Per  Cent). 

Commercial 

Basic  Calcium 

Arsenate 

(Per  Cent). 

Calcium  oxide  (CaO) ,     .        .        .        . 

Arsenic  pentoxide  (AS2O5), 

Equivalent  to  metallic  arsenic   (As) 

(per  cent). 
Ratio  As20i:  CaO,       .... 

Water  of  combination 

28.310 
58.045 

37.848 

1:0.488 

13.645 

38.744 
52.957 
34.531 
1  : 0.732 

8.299 

•44.128 
45.238 

29.497 

1  : 0.975 

10.634 

100.000 

100.000 

100.000 

Physical  Properties.  ■ —  The  calcium  arsenates  are  soft,  white  powders 
of  fine  particles  with  a  good  power  of  suspension  and  adhesiveness.  The 
specific  gravity  (15)  of  a  pure  acid  salt  at  20/4°  C.  was  3.09,  and  of  a 
neutral  salt,  3.23.  The  commercial  dry  basic  calcium  arsenate  is  a  bulky, 
impalpable  powder  of  80  to  100  cubic  inches  to  the  pound. 

Stability.  —  The  acid  salt  is  largely  soluble  in  water,  and  the  neutral 
salt  appreciably  so,  as  determined  by  the  Hilgard  method.  Carbonic  acid 
will  decompose  both  salts  "v^ith  the  formation  of  carbonate  and  the  libera- 
tion of  arsenic.  Dilute  solution  of  alkalies  and  their  salts  will  increase  the 
solubility  of  the  arsenic,  the  acid  salt  invariably  proving  the  more  un- 
stable. For  these  several  reasons  calcium  arsenate  used  alone  burns 
foliage  very  badly.  As  in  the  case  of  other  arsenicals,  milk  of  lime  prevents 
burning  by  combining  with  any  soluble  arsenic  which  may  be  formed. 


8  MASS.    EXPERIMENT   STATION   BULLETIN   201. 

The  basic  products  are  more  stable  than  the  acid  or  neutral  salts,  due 
evidently  to  the  higher  content  of  lime. 

The  status  of  the  dry  commercial  products  is  still  rather  indefinite. 
Carbonate  of  lime  is  present  in  some  instances  as  an  impurity  or  filler, 
having  neither  toxic  nor  protective  action. 

Form  of  Guaranty.  —  Calcium  arsenate  is  usually  sold  under  the  follow- 
ing form  of  guaranty :  — 

Per  Cent. 

Active  ingredients :  — 

Tricalcium  arsenate,  not  less  than  .  .  .  .  .  .       76 .  00 

Total  arsenic  pentoxide,  not  less  than     .  .  .  .  42 .  50 

Total  arsenic  (as  metallic),  not  less  than  .  .  .  28.00 

Inert  ingredients,  not  more  than  .  .  .  .  .  .  .  .24.00 


100.00 
Water  Soluble. 
Soluble  arsenic  pentoxide,  not  more  than        .  .  .  ,  .  .         1 .  50 

Soluble  arsenic  (as  metallic) ,  not  more  than  .  .  .  .  .  .         1 .  00 

The  remarks  relative  to  the  form  of  guaranty  of  lead  arsenate  hold 
equally  well  for  the  form  of  guaranty  of  calcium  arsenate.  Note  particu- 
larly that  the  killing  power  of  calcium  arsenate  is  apparently  greater  than 
that  of  lead  arsenate  on  account  of  the  higher  percentage  of  arsenic  pen- 
toxide. Therefore  a  smaller  quantity  is  used  in  the  spray,  so  as  to  give 
the  same  amount  of  metallic  arsenic  as  when  arsenate  of  lead  is  used. 

To  summarize:  Both  acid  and  neutral  calcium  arsenates  are  of  rela- 
tively, high  arsenic  content,  but  too  soluble  to  warrant  their  use  without 
excess  lime.  The  basic  product  is  of  a  lower  arsenic  content  but  more 
stable.  They  are  effective  poisons,  the  fineness  of  particles  and  hght 
flocculent  character  insuring  a  fair  power  of  suspension  and  uniform  dis- 
tribution. The  white  mixture  indicates  the  leaf  surface  covered,  and  dries 
to  a  film  that  is  persistent  under  average  weather  conditions;  and  is,  in 
brief,  an  efficient  and  reasonably  satisfactory  arsenical  for  the  more  resist- 
ant plants. 

Standard  Formulas  for  Application. 

As  previously  mentioned,  there  is  a  great  difference  in  the  rapidity  of 
killing  power  between  arsenates  and  arsenites.  For  this  reason  the  two 
classes  of  materials  cannot  be  compared  on  the  basis  of  arsenic  contained. 
The  following  table  represents  basic  quantities  of  the  several  materials  of 
standard  or  near  standard  composition  which  may  be  used.  Naturally 
the  amounts  to  be  used  must  be  varied  to  adapt  the  spray  to  different  kinds 
of  insects,  and  to  make  it  safe  when  used  on  different  kinds  of  plants. 
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Composition  of 

Arsenical. 

Amount  of  Arsenical 
in  Spray. 

Pounds  of 

Metallic 
Arsenic  per 

Barrel 
of  Spray. 

Arsenical. 

Arsenic  Oxides 
(Per  Cent) . 

Equivalent 
in  Metal- 
lic Arsenic 
(Per  Cent). 

Per  Barrel 
(50  Gallons) 
(Pounds) . 

Per  Gallon 

(Ounces). 

Arsenites:  — 
Paris  green, 

Arsenates:  — 
Dry  acid  lead  arsenate, 
Dry  basic  calcium  arsenate, 

50.00  (AS2O3) 

30.00  (AS2O5) 
40.00  (AS2O5) 

37.87 

19.56 
26.08 

0.333 

1.5 
1.0 

yio 

0.126 

0.3- 
0.3- 

Any  arsenite  of  known  composition  may  be  applied  in  quantity  to 
furnish  metallic  arsenic  equal  to  that  in  an  application  of  Paris  green; 
whereas  any  arsenate  of  known  composition  may  be  applied  to  furnish 
metallic  arsenic  equivalent  in  amount  to  that  used  in  arsenate  of  lead. 

For  most  farm  and  orchard  crops  it  is  unwise  to  use  any  arsenical 
without  protecting  the  plant  against  foliage  damage.  The  addition  of 
milk  of  lime  affords  protection  against  this  arsenical  injury.  Four  pounds 
of  high-grade  quicldime  (95  per  cent  CaO)  are  generally  sufficient  for  50 
gallons  (1  barrel)  of  spray.  The  hme  should  be  slaked  carefully,  sieved, 
diluted  to  nearly  50  gallons,  and  the  arsenical  added  slowly  with  thorough 
agitation  immediately  before  application. 


Arsenical  Injury. 

It  is  evident  from  what  has  been  stated  repeatedly  that  the  carbonic 
acid  and  ammonia  of  the  atmosphere  in  conjunction  with  dews,  fogs  or 
light  rains  and  high  temperatures  mil  materially  increase  the  amount  of 
soluble  arsenic.  When  the  arsenic  is  in  solution  in  the  spray  liquid,  or 
drops  of  rain  or  dew  on  the  foliage,  some  of  it  is  absorbed  by  the  tissues  of 
the  leaf.  A  verj^  minute  amount  of  absorbed  arsenic  may  have  no  injurious 
effect  on  the  cell;  but  if,  on  account  of  a  high  soluble  arsenic  content  of 
the  spray  material,  or  too  long  standing  of  the  liquid  before  drying,  a 
sufficient  amount  has  been  absorbed,  the  tissue  is  killed.  Two  types  of 
injury  are  distinguished  (16),  —  acute  poisoning  and  chronic  poisoning. 

In  cases  of  acute  'poisoning  the  leaf,  or  large  areas  of  it,  turns  black  "wdthin 
twenty-four  hours  after  the  application;  or  sometimes,  when  the  insecticide 
has  dried  rapidly  after  application,  the  blackening  may  appear  after  the 
first  period  when  water  has  stood  on  the  foliage  for  some  time.  In  chronic 
'poisoning  there  are  no  definite  lesions  on  the  leaves,  but  after  two  or  three 
weeks  they  prematurely  turn  yellow  and  drop  off.  Apparently  in  this 
type  of  poisoning  not  enough  arsenic  is  absorbed  to  kill  the  cells  outright, 
but  yet  enough  to  interfere  with  and  finally  stop  the  functioning  of  the 
cells. 

Certain  deductions  seem  warranted.  Conditions  favoring  a  rapid 
drying  of  the  arsenical  and  its  continuance  in  a  dry  state  are  propitious. 
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For  instance,  a  relatively  high  temperature,  low  humidity  and  a  good 
circulation  of  air  at  the  time  of  application,  followed  by  warm,  dry  weather 
should  tend  toward  a  minimum  of  arsenical  injury.  On  the  other  hand, 
factors  conducive  to  solubility  of  the  arsenic  and  its  passage  by  osmosis 
into  the  substance  of  the  leaf  are  detrimental,  as,  for  example,  warm, 
"muggy"  weather,  or  warm  weather  accompanied  by  fogs  or  heavy  dews. 
Rains  are  not  necessarily  injurious  if  of  sufficient  quantity  to  wash  off  the 
soluble  arsenic  as  soon  as  it  is  formed. 


2.    Helleboke. 

White  hellebore  is  the  powdered  rhizome  (root)  of  Veratrum  album, 
and  green  or  American  hellebore  that  of  V.  viride.  Both  are  sold  as  insecti- 
cides in  the  form  of  a  gray  powder  containing  about  1  per  cent  of  alkaloids 
(usually  guaranteed  from  0.30  to  0.42  per  cent)  and  a  varying  amount  of 
ash.  Though  known  to  possess  poisonous  properties,  hellebore  received 
little  attention  until  about  1842  in  England  (17),  and  1865  in  this  country 
(18). 

The  chief  insecticidal  action  of  hellebore  is  as  a  stomach  poison.  It 
appears  to  possess  also  a  certain  value  as  a  repellent.  The  active  principles 
which  give  hellebore  its  insecticidal  value  are  certain  alkaloids  which  are 
poisonous  to  insects,  but  in  amounts  usually  recommended  for  use  do  not 
seriously  affect  man.  These  alkaloids  are  so  volatile  that  the  material  soon 
loses  its  strength  and  efficiency,  particularly  if  exposed  to  the  air.  Con- 
sequently a  fresh  product  should  always  be  demanded.  Its  non-poisonous 
effect  on  man  renders  hellebore  a  suitable  material  for  the  protection  against 
chewing  insects  of  fruits  or  vegetables  that  are  about  to  ripen  or  are  soon 
to  be  eaten.  It  is,  however,  limited  to  rather  small-scale  applications, 
the  cost  of  the  material  prohibiting  its  use  on  large  areas.  The  material 
rasuy  be  applied  either  dry  or  as  a  spray.  In  dry  form  it  is  used  either 
undiluted  or  mixed  with  five  times  its  volume  of  flour  or  finely  di^dded 
air-slaked  lime.  For  liquid  .application  its  use  at  the  rate  of  |  ounce  to 
1  gallon  of  water  is  recommended. 


II.    CONTACT  POISONS  FOR  SUCKING  INSECTS. 

Contact  poisons  include  a  large  number  of  diversified  compounds 
(solid,  liquid  and  gaseous),  and  their  effectiveness  may  depend  upon  more 
than  one  property.  The  compound  may  act  in  any  of  the  following 
ways :  — 

1.  Glue  the  insect  down. 

2.  Attack  the  body,  dissolving  fat  and  even  muscle,  precipitating  proteids,  etc. 

3.  Act  as  a  narcotic,  paralyzant  or  anaesthetic. 

4.  Asphyxiate  the  insect  by  closing  the  breathing  pores  (spiracles  or  tracheae), 
or,  by  saturating  the  body,  prevent  necessary  aeration. 
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These  indicate  some  of  the  possibiUties,  but  the  principal  action  and  the 
contributory  are  generally  difficult  to  define.  These  poisons  are  generally 
soluble  or  emulsified  products.  They  kill  only  by  contact.  Liberal  and 
thorough  application  is  necessary  to  assure  effectiveness,  and  drench 
spraying  is  usually  employed.  The  weaker  the  surface  tension  of  the 
spray  and  the  thinner  the  chitin  of  the  insect  the  more  rapid  the  pene- 
tration. 

The  contact  poisons  that  will  be  considered  are  (1)  soaps,  (2)  sulfur 
sprays,  (3)  oil  sprays,  (4)  nicotine,  and  (5)  pyrethrum. 

1.    Soaps. 
There  are  four  different  types  of  soap  sprays,  as  follows :  — 

1.  Whale-oil  or  fish-oil  soaps. 

2.  Laundry  soap. 

3.  Rosin  fish-oil  soap,  soap  "stickers." 

4.  Fish-oil  soaps  and  nicotine. 

(1)     Whale-oil  or  Fish-oil  Soaps. 

Whale-oil  soap  was  first  brought  forward  in  1842  by  the  experiments 
of  Haggerston  (19),  and  showed  an  efficiency  which  it  has  steadily  main- 
tained up  to  the  present.  It  is  interesting  to  note  that  many  of  the  state^ 
ments  made  at  that  time  in  regard  to  its  value  have  proved  true  through 
years  of  subsequent  use,  and  the  dosage  first  recommended  is  practically 
the  same  as  that  used  to-day. 

At  the  present  time  soaps  made  from  fish  oil  have  largely  supplanted 
the  true  whale-oil  soaps,  but  the  similarity  in  the  nature  and  effectiveness 
of  the  two  materials  has  led  to  the  habit  of  using  these  two  names  more  or 
less  interchangeably.  Strictly  speaking,  however,  the  commercial  product 
to-day  is  largely  made  from  various  fish  oils. 

For  use  as  a  summer  spray  against  plant  lice  and  other  soft-bodied 
insects,  as  well  as  younger  stages  of  more  resistant  types,  it  is  very  effective 
when  applied  at  the  rate  of  1  pound  to  6-8  gallons  of  water,  according  to 
the  tenderness  of  the  plant  in  question.  It  has  sometimes  been  used  for 
dormant  treatment  of  scale  insects  at  the  rate  of  2  pounds  to  1  gallon  of 
water,  and  applied  while  hot.  The  stronger,  more  efficient  sulfur  sprays 
have  largely  supplanted  it  for  this  purpose. 

(2)     Laundry  Soap. 
In  the  absence  of  whale-oil  or  fish-oil  soaps,  common  laundry  soap  may 
be  employed  effectively  for  the  same  type  of  insects.    An  average  soap 
of  this  type  should  be  used  at  the  rate  of  1  pound  to  2-4  gallons  of  water, 
depending  on  the  resistance  of  the  insects  treated. 
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(3)  Rosin  Fish-oil  Soap,  Soap  "Stickers." 
On  plants  having  a  smooth  and  waxy  fohage,  such  as  cabbage  and 
similar  types,  lead  arsenate  and  Bordeaux  mixture  will  not  adhere  at  all 
well  unless  used  with  some  kind  of  soap  as  a  "sticker."  Types  of  resinous 
soaps  have  come  into  use  under  the  general  name  "Resin  (Rosin)  Fish 
Oil  Soaps,"  and  are  especially  adapted  for  such  purposes.  These  are 
recommended  to  be  used  at  the  rate  of  3-4  pounds  to  50  gallons  of  spray 
(or  about  1  ounce  to  1  gallon) ,  and  to  be  added  to  the  diluted  spray  ma- 
terial immediately  before  it  is  to  be  applied.  In  the  preparation  of  this 
type  of  soap  for  a  spray  it  is  necessary  to  add  the  water  a  little  at  a  time, 
stirring  vigorously  all  the  while,  until  the  soap  has  entirely  dissolved; 
otherwise  the  resinous  nature  of  the  material  repels  the  water,  making  a 
solution  almost  impossible. 

Except  on  the  particular  types  of  plants  just  mentioned  (cabbage  and 
similar  plants),  soap  should  not  be  used  with  arsenicals  or  Bordeaux 
mixture.  Arsenicals  are  unstable  in  the  presence  of  the  alkali  of  the  soap, 
with  the'  consequent  danger  of  the  formation  of  soluble  arsenic  (20) .  In 
this  particular  case,  however,  the  application  is  made  so  soon  after  the 
soap  is  added  that  there  is  little  opportunity  for  breakdown;  and,  further, 
the  waxy  leaves  seem  to  offer  more  resistance  to  arsenical  injury  than 
would  foliage  of  ordinary  texture.  The  alkalies  entering  into  the  com- 
position of  our  common  soaps  are  mainly  compounds  of  sodium  and  po- 
tassium. Such  soaps  are  the  only  ones  soluble  in  water.  When,  however, 
soap  is  combined  with  Bordeaux  mixture  or  lime-sulfur  sprays,  calcium 
soaps  are  formed  which  are  insoluble  in  water,  making  a  gummy,  sticky 
mass  which  is  apt  to  clog  the  spray  apparatus.  Moreover,  other  products 
of  this  breakdown  are  formed  which  are  either  actively  dangerous  to  the 
plant  or  are  of  no  use  whatever  as  an  insecticide. 

(4)  Fish-oil  Soaps  and  Nicotine. 
Commercial  brands  of  fish-oil  soaps  cotobined  with  a  small  amount  of 
nicotine  are  on  the  market  and  appear  to  have  a  considerable  sale.  These 
are  rather  expensive,  and  usually  their  nicotine  content  is  quite  low,  so 
that  in  general,  better  satisfaction  can  be  obtained  by  combining  soap  and 
nicotine  solutions  as  needed.    (See  Nicotine  Sprays,  page  20.) 

2.    Sulfur  Sprays. 

These  are  efficient  contact  poisons  for  certain  scale  insects,  and  possess 
substantial  fungicidal  value  as  well.  They  are  supplanting  the  miscible 
oils,  probably  due  in  large  measure  to  the  deleterious  after-effects  of  the 
latter.  Concentrated  lime-suKur  solution,  dry  lime-sulfur,  barium  tetra- 
sulfide  (B.  T.  S.),  and  sodium  polysulfide,  or  so-called  soluble  sulfur,  will 
be  considered.  All  of  these  materials  seem  to  have  the  following  properties 
in  common :  — 
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1.  The  amount  of  polysulfide  sulfur  present  largely  governs  the  effectiveness  of 
the  material. 

2.  Thiosulfate  sulfur  is  a  product  of  the  breaking  down  of  polysulfide  as  well  as 
an  original  constituent  of  the  product,  and  hence  is  present  in  variable  amounts. 

3.  The  free  sulfur  contained  is  usually  inert  as  an  insecticide.     It  does,  however, 
have  a  distinct  fungicidal  value.     (See  page  26.) 


(1)     Lime-sulfur-. 

The  efficiency  of  lime-sulfur-salt  wash  (21)  for  the  San  Jose  scale  appears 
to  have  been  first  demonstrated  by  F.  Dusey  of  Fresno,  Cal.,  in  1886, 
using  a  sheep  dip  prepared  by  A.  T.  Covell.  The  dip  (22,  23),  however, 
seems  to  have  been  of  Australian  origin.  About  the  year  1900  it  began 
to  be  used  in  the  eastern  States  for  the  control  of  the  San  Jose  scale. 

The  formulas  adopted  by  different  experiment  stations  showed  ap- 
preciable variations.  A  proportion  of  1  pound  of  lime  and  2-2J  pounds 
of  sulfur  to  1-1|  gallons  of  water  assures  solution  of  the  largest  proportions 
of  lime  and  sulfur,  the  smallest  amount  of  sludge  or  sediment,  and  a  high 
proportion  of  calcium  polysulfide  (particularly  pentasulfide)  with  a  mod- 
erate amount  of  calcium  thiosulfate,  thus  making  the  most  efficient  product 
with  the  least  waste.  The  lime  must  be  a  high-grade  caustic,  substantially 
free  from  magnesia,  which  causes  unnecessary  loss  of  sulfur  as  hydrogen 
sulfide  and  increases  the  amount  of  sediment.  A  greater  proportion  of 
lime  causes  the  formation  of  more  thiosulfate,  and  favors  the  formation 
of  crystals  of  oxysulfide.  Boiling  for  thirty  to  sixty  minutes  with  proper 
agitation  should  be  sufficient  to  dissolve  all  of  the  sulfur;  longer  heating  is 
detrimental.  The  resulting  solution  should  be  about  24°  or  25°  Baume. 
A  greater  concentration  is  generally  obtained  at  a  sacrifice  of  thiosulfate, 
which  is  converted  into  sulfite  and  free  suKur  which  being  insoluble  in- 
crease the  amount  of  sediment. 

The  commercial  product  has  largely  superseded  the  home-made  except, 
possibly,  in  the  case  of  orchard  practice  on  a  large  scale.  Lime-sulfur 
solution  appears  to  have  been  first  produced  commercially  by  the  Rex 
Spray  Company  (formerly  Rex  Stock  Food  Company)  of  Omaha,  Neb., 
as  a  sheep  and  cattle  dip,  which  was  approved  by  the  Bureau  of  Animal 
Industry  Sept.  30,  1903.  Later  the  product  was  tested  as  a  spray  at  Cor- 
vaUis,  Ore.,  and  largely  marketed  as  such.  The  commercial  concentrate 
is  to-day  practically  standardized  on  a  33°  Baum^  basis.  A  product  of 
greater  density  is  more  likely  to  crystallize  on  chilling. 

Concentrated  lime-sulfur  properly  prepared  is  a  clear  orange-red  solu- 
tion with  more  or  less  sludge,  depending  on  the  purity  of  the  lime  and 
sulfur,  formula,  and  method  of  treatment.  The  clear  solution  consists 
chiefly  of  so-called  calcium  polysulfide  and  calcium  thiosulfate  in  varying 
amounts.  The  sludge  may  contain  free  sulfur,  together  with  calcium  sul- 
fite, calcium  sulfate  and  impurities  from  the  lime.  The  polysulfide  is  a 
combination  of  lime  and  sulfur,  approximating  a  ratio  of  1:5,  or  CaSs ; 
the  thiosulfate  is  CaS203. 
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Composition.  —  A    comparison    of    home-made    concentrate    and    thi 
commercial  33°  Baume  concentrate  is  shown  in  the  following  table :  - 


4 


Home-made 

(24H°  B)  (Per 

Cent). 


Commercial 

(33°  B)  (Per 

Cent). 


Water 

Sulfur  in  solution 

Polysulfide  sulfur 

Thiosulfate  sulfur, 

Ratio  thiosulfate  sulfurto  polysulfide  sulfur, 

Calcium, 

Oxygen  in  combination,       .... 

Water, 

Calcium  polysulfide  (CaS4.8o) 

Calcium  thiosulfate 


13.75 

3.25 

1:4.23 


75.00 
17.00 


5.57 
2.43 


68.04 
24.751 


24.00 

.75 

1  : 32.00 


100.00 


75.00 

17.29 

7.71 

100.00 


68.04 

30.18 

1.78 

100.00 


1  A  conservative  estimate. 

Stability.  —  Lime-sulfur  is  readily  oxidized  on  exposure  to  air,  the 
polysulfide  being  converted  into  thiosulfate  with  precipitation  of  sulfur, 
the  thiosulfate  into  sulfite  with  precipitation  of  additional  sulfur,  and  the 
sulfite  into  sulfate,  as  follows :  — 

CaS6+03=CaS203+S3 
CaS203=CaS03+S 
CaS03+0=CaS04 


This  necessitates  full  containers,  well-stoppered,  or  a  thin  covering  of 
paraffin  oil  to  prevent  decomposition  of  lime-sulfur  in  storage. 

The  guaranty  of  commercial  concentrates  is  generally  about  33°  Baurn^ 
and  25  per  cent  sulfur  in  solution.  The  efficiency,  however,  is  more  accu- 
rately measured  by  the  amount  of  polysulfide  sulfur  in  solution,  irrespective 
of  whether  the  effectiveness  is  a  result  of  direct  action  or  from  products 
of  decomposition.  The  total  sulfur  in  solution  apparently  gives  the  home- 
made product,  containing  a  much  larger  proportion  of  thiosulfate  sulfur, 
relatively  too  high  a  rating.  I 

According  to  P.  J.  Parrott,  of  the  New  York  (Geneva)  Agricultural  i 
Experiment  Station,  a  gallon  of  diluted  lime-sulfur  for  dormant  spray ' 
(San  Jose  scale)  should  contain  about  0.297  pound  of  sulfur  in  solution, 
or  3.45  per  cent;   and  for  fungicidal  work  on  foliage,  0.065  pound  of  sul- 
fur, or  0.775  per  cent.    The  following  formulas  are  so  calculated  for  con- 
centrates of  15°  to  36°  Baum^ :  — 
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Table  I.  — -Standard  Formidafor  Application  (24). 


W 

r1 

Jose 
Gal- 
use 
cen- 

ilution     for     Summer 
Spray: 2  To  1   Gallon 
of     Concentrate     add 
Gallons  of  Water. 

imer 
Gal- 
use 
cen- 

3 

M  i 

Op 
•■o 

11 

02 

a 

go 

o 

as 

m 
°i 

■so 

~  o 

.=  1 

90 

a 
.0 

"o 
a  . 

30 

§1? 

ar.  OS 
2  "     °  <B 

SIMM'S 
.2d„.2o 

p 

w 

CO 

^ 

tc 

m 

P 

n 

P 

» 

36 

1.3303 

0.75 

11.08 

2.99 

27.00 

9 

5 

45 

1 

35 

1.3182 

.75 

10.98 

2.88 

26.25 

8M 

5M 

4334 

VA 

34 

1.3063 

.75 

10.88 

2.77 

25.50 

8M 

5M 

41^^ 

VA 

33 

1.2946 

.75 

10.78 

2.67 

24.75 

8 

5J^ 

40 

VA 

32 

1.2832 

.74 

10.69 

2.53 

23.70 

7y2 

5M 

37M 

IM 

31 

1.2719 

.74 

10.60 

'    2,43 

22.95 

m 

6 

36M 

IM 

30 

1.2609 

.73 

10.51 

2.30 

21.90 

6M 

6M 

34M 

13^ 

29 

1.2500 

.73 

10.42 

2.20 

21.15 

6J^ 

6M 

32M 

1^ 

28 

1.2393 

.72 

10.32 

2.08 

20.15 

6 

7M 

31 

13^^ 

27 

1.2288 

.72 

10.23 

1.99 

19.45 

53^ 

7>^ 

29M 

13^ 

26 

1.2185 

.71 

10.15 

1.87 

18.45 

5M 

8 

27M 

m 

25 

1.2083 

.70 

10.07 

1.76 

17.50 

5 

8J^ 

26 

XK 

24 

1.1983 

.69 

9.98 

1.65 

16.65 

41^ 

9 

24M 

2 

23 

1.1885 

.68 

9.90 

1.55 

15.65 

4J^ 

9^ 

22M 

2 

22 

1.1789 

.67 

9.82 

1.45 

14.75 

3J€ 

lOM 

21M 

234 

21 

1.1694 

.66 

9.74 

1.35 

13.85 

3J^ 

11 

19M 

23^ 

20 

1.1600 

.65 

9.67 

1.26 

13.00 

3M 

UM 

18K 

2y2 

19 

1.1508 

.65 

9.59 

1.18 

12.35 

3 

123^ 

17 

2K 

18 

1.1417 

.65 

9.51 

1.11 

11.70 

2M 

13}^ 

16 

3 

17 

1.1328 

.65 

9.44 

1.04 

11.05 

23^ 

14M 

15 

3M 

16 

1.1240 

.65 

9.37 

0.97 

10.40 

2^ 

153€ 

14 

334 

15 

1.1154 

.65 

9.30 

0.90 

9.75 

2 

16>i 

12M 

3J^ 

1  Density  of  spray,  4.6°  Baum6,  or  1.0327  specific  gravity. 

2  Density  of  spray,  1.0°  Baumfi,  or  1.0072  specific  gravity. 


(2)  Dry  Lime-sulfur. 
Dry  lime-sulfur  was  first  marketed  in  1915  by  the  Sherwin-Williams 
Company  of  Cleveland,  Ohio.  The  use  of  the  dry  product  effects  a  material 
saving  in  cost  of  containers,  transportation,  storage  and  possible  leakage. 
Commercial  lime-sulfur  solution  contains  nearly  68  per  cent  of  water, 
while  the  dry  product  usually  contains  only  a  small  amount  of  uncombined 
water.  In  the  production  of  dry  lime-sulfur  the  polysulfide  apparently 
undergoes  partial  decomposition,  and  a  portion  of  the  sulfur  formerly 
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combined  with  the  lime  splits  off  and  fails  to  redissolve  on  the  addition- 
of  water,  and  is  termed  free  sulfur. 

CompositioJi.  —  Dry    lime-sulfur    is    usually    guaranteed    about    as 
follows :  — 

Per  Cent. 
Active  ingredients,       .  .  .  .  .  .  .  .  .  .80.00 


Calcium  polysulfide, 
Calcium  thiosulfate, 
Free  sulfur, 
Inert  ingredients. 


63.00 

5.00 

12.00 


20.00 


100.00 


A  33°  Baume  lime-sulfur  solution  containing  24.75  per  cent  sulfur,  con- 
centrated to  a  like  basis,  should  contain  substantially  6L95  per  cent  total 
sulfur.  If  12  per  cent  was  rendered  insoluble  by  evaporation,  49.95  per 
cent  remains  soluble.  Five  per  cent  calcium  thiosulfate  is  equivalent  to 
2.11  per  cent  thiosulfate  sulfur,  which  deducted  from  the  soluble  sulfur 
leaves  47.84  per  cent  polysulfide  sulfur. 

(3)     Barium  Tetrasulfide. 
Barium  tetrasulfide  (25)  or  B.  T.  S.  was  prepared  experimentally  as 
an  insecticide  by  the  Thomsen  Chemical  Company  of  Baltimore,  Md.,  in 
1913.    The  product  is  guaranteed  as  follows:  — 


Active  ingredients. 

Barium  tetrasulfide  (BaS4), 
Barium  thiosulfate, 
Free  sulfur, 

Inert  ingredients,         .       •   . 


Per  Cent. 
82.00 


68.00 
6.00 
8.00 


18.00 


100.00. 


Barium  tetrasulfide  is  a.  fairly  satisfactory  contact  poison,  yet  it  pos- 
sesses no  distinct  advantages  over  lime-sulfur  preparations.  It  has  never 
replaced  lime-sulfur  to  any  great  extent,  and  is  not  now  widely  used, 
largely  because  it  is  more  expensive. 

(4)  Soluble  Sulfur. 
Soluble  sulfur  or  sodium  polysulfide  was  first  marketed  by  the  Niagara 
Sprayer  Company  of  Middleport,  N.  Y.,  about  1912.  Con-sol,  a  sodium 
sulfui^  compound,  prepared  by  the  American  Horticultural  Distributing 
Company  of  Martinsburg,  W.  Va.,  was  offered  about  1905,  but  little  in- 
formation has  been  received  relative  to  the  nature  of  the  product. 
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Soluble  sulfur  is  guaranteed  as  follows :  — 


Active  ingredients, 

Sodium  polysulfide  (Na2S4), 
Sodium  thiosulfate, 
Free  sulfur, 

Inert  ingredients. 


Per  Cent. 
85.00 


56.00 

25.00 

4.00 


15.00 
100.00 


Soluble  sulfur  is  used  considerably  as  a  dormant  spray,  and  is  fairly 
satisfactory.  It  is  exceedingly  dangerous  as  a  foliage  spray  unless  an  excess 
of  lime  is  added.  It  has  no  marked  superiority  over  lime-sulfur  prepara- 
tions, and  has  not  supplanted  them  to  any  great  degree. 

Formulas  for  Ajjplication. 
These  various  materials  may  all  of  them  be  applied  in  such  quantities 
as  to  furnish  approximately  equivalent  amounts  of  soluble  sulfur.  That 
this  basis  is  not  entirely  sound  is  shown  by  the  fact  of  difference  in  the 
ratio  between  polysulfide  suUur  and  thiosulfate  sulfur.  This  difference 
should,  of  course,  be  considered  when  computing  amounts  of  spray 
materials  needed.  On  the  basis  of  amounts  of  soluble  sulfur  equal  to  the 
standard  application  of  33°  Baume  lime-suKur  concentrate  (1-8  for  dor- 
mant spray  and  1-40  for  summer  spray),  the  following  table  is  presented 
as  showing  suggested  formulas  for  application:  — 


Soluble 

Sulfur  (Per 

Cent). 

Amount  op  Material 

IN  50  Gallons  of — 

Materi.^l. 

DORMANT   SPRAY. 

SUMMER   SPRAT. 

Gallons. 

Pounds. 

Gallons. 

Pounds. 

Lime-sulfur  concentrate,    . 

24.75 

5.556 

59?^ 

1.22 

13 

Dry  lime-sulfur, 

50.00 

- 

29j^i 

- 

6J^ 

Barium  tetrasulfide,  . 

41.00 

- 

361  . 

- 

8 

Soluble  sulfur 

51.35 

- 

28^1 

_2 

_2 

1  These  amounts  are  greater  than  are  recommended  by  the  manufacturers. 

2  Soluble  sulfur  should  never  be  used  as  a  summer  spray,  save  with  a  great  excess  of  Ume. 


3.    Oil  Sprays. 

Oil  sprays  owe  their  insecticidal  value  chiefly  to  their  asphyxiating 
effect.  To  a  certain  degree  some  of  them  may  also  have  corrosive  effect. 
Oil  sprays  likewise  have  a  peculiar  creeping  power  which  enables  the 
operator  to  cover  the  tree  area  even  under  unfavorable  conditions.  With 
most  other  contact  insecticides,  an  insect  to  be  killed  must  be  actually 
"hit."  These  oils  will  be  considered  under  two  divisions:  (1)  emulsions, 
and  (2)  miscible  oils. 
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(1)  Emulsions. 
The  idea  of  combining  soap,  kerosene  and  water  to  form  a  stable  mixture 
which  could  be  safely  applied  to  foliage  undoubtedly  occurred  to  growers 
very  early.  The  first  record  of  successful  accomplishment,  however,  was 
in  1870  (26).  Cook  (27)  records  the  attaining  of  a  successful  emulsion  in 
experiments  in  1877-78,  and  the  formulas  which  he  developed,  bearing 
his  name,  were  used  for  many  years.  The  experiments  of  Riley  and  Hub- 
bard, covering  a  number  of  years,  carried  forward  this  idea  of  a  permanent 
mixture  of  kerosene  and  soap,  and  finally  led  to  the  production  of  the 
formula  (28)  which  is  used  practically  unchanged  at  the  present  day.  This 
formula  is  as  follows :  — 

Kerosene,       ........     2  gallons 

Water  (soft),  .  .  .  .  .  .  .1  gallon 

Soap,    .  .  .  .  .  .  .  .  .J  pound 

The  soap  is  dissolved  in  boiling  water,  and  while  the  mixture  is  still  hot 
the  kerosene  is  added.  The  mixture  is  then  churned,  with  a  bucket  pump 
with  nozzle  turned  back  into  the  liquid,  until  it  has  reached  the  consist- 
ency of  a  thick  cream.  Upon  cooling,  this  thickens  still  further,  and  if 
properly  made  no  free  oil  should  separate  out  on  the  surface.  This  stock 
emulsion  should  last  for  some  time,  but  it  is  much  better  to  make  it  up 
only  as  needed.  Where  the  water  is  hard  it  must  be  softened  by  the  addi- 
tion of  borax  or  soda  to  prevent  the  lime  or  magnesium  present  from  com- 
bining with  the  soap,  which  makes  impossible  an  emulsion  with  the  oil. 

For  spraying,  dilute  with  9-10  parts  of  water  for  aphids  or  other  soft- 
bodied  insects.  Greater  strengths  are  sometimes  recommended  for  more 
resistant  insects,  or  on  trees  when  dormant. 

Kerosene  emulsion  cannot  be  used  safely  in  combination  with  other 
sprays  (lead  arsenate,  lime-sulfur,  etc.)  owing  to  the  breakdown  of  these 
materials  in  the  presence  of  the  soap,  and  the  consequent  liberation  of  free 
oil  as  well  as  other  products  of  this  double  decomposition,  which  are 
dangerous  to  plants.  This  spray  has  now  been  largely  superseded  by  the 
various  nicotine  solutions  which  have  proved  fully  as  efficient,  are  more 
easily  prepared,  can  be  used  with  safety  to  foliage,  and,  moreover,  can  be 
used  in  combination  with  other  sprays,  thus  saving  the  trouble  and  expense 
of  separate  applications. 

Carbolic  Acid  Emulsion.  —  This  is  a  fairly  effective  remedy  for  certain 
root-feeding  insects,  such  as  root  maggots  of  onion,  cabbage  and  turnip. 
Its  value  for  other  purposes  is  somewhat  limited.    It  is  made  as  follows:  — 

Soap,      .........     1  pound 

Water,    .........     1  gallon 

Crude  carbolic  acid,  .  .  .  .  .  .1  pint 

0 

This  is  prepared  in  the  same  way  as  is  kerosene  emulsion.  It  will  not, 
however,  attain  the  same  curd-like  consistency  on  standing  as  will  kerosene 


INSECTICIDES   AND    FUNGICIDES.  19 

emulsion,  but  remains  in  a  more  or  less  fluid  condition.  It  should  be 
diluted  1  part  to  25-30  of  water,  and  applied  to  the  ground  around  the 
stems.    Its  use  is  restricted  to  small  areas. 

(2)     Miscible  Oils. 

Miscible  oils  are  formed  from  a  mineral  oil  emulsified  with  a  vegetable 
oil,  with  some  alkali  present.  A  stable  stock  emulsion  is  formed  which 
mixes  readily  with  water.  These  preparations  are  particularly  adapted 
for  use  on  old,  rough-barked  trees  heavily  encrusted  with  scale,  as  the  oils 
spread  over  the  bark  more  readily  than  do  sulfur  sprays.  As  the  propor- 
tion of  component  parts  is  seldom  furnished,  and  the  manufacture  of  these 
oils  is,  in  fact,  more  or  less  of  a  trade  secret,  the  directions  furnished  by  the 
manufacturer,  both  as  to  dilution  and  application,  should  be  very  carefully 
followed,  whatever  brand  is  used.  In  general,  for  dormant  spraying  these 
oils  are  diluted  at  the  rate  of  1  part  to  12-15  parts  of  water. 

The  use  of  these  oils  has  sometimes  been  followed  by  distinct  injury, 
even  where  proper  precautions  have  been  taken  and  directions  carefully 
followed.  There  are  also  reports  of  cumulative  injury  following  repeated 
applications  (29). 

Miscible  oils  are  relatively  expensive  dormant  sprays  in  spite  of  the  fact 
that  the  oil  is  said  to  go  further  in  application  than  an  equal  amount  of 
lime-sulfur.  The  uncertainty  of  the  exact  effect  of  the  oils  upon  the  health 
of  the  tree  seems  to  favor  the  use  of  lime-sulfur,  which  has  proved  to  be 
an  efficient  scale  destroyer  and  can  be  used  with  safety. 

4.    Nicotine. 

The  value  of  tobacco  in  killing  soft-bodied  types  of  insects  was  dis- 
covered very  early.  In  1763  it  was  recommended  in  France  for  the  control 
of  plant  lice,  both  tobacco  powder  and  a  water  solution  being  applied. 
Its  use  in  America  was  first  recorded  in  1814.  Its  effectiveness  against 
soft-bodied  insects  and  its  safety  to  foliage  of  plants  soon  gave  it  a  prom- 
inence which  has  continued  undiminished  to  the  present  day.  The  most 
active  principle  of  tobacco,  and  the  one  which  gives  it  its  value  as  an 
insecticide,  is  the  alkaloid,  nicotine.  Soluble  in  water,  entirely  volatile, 
this  is  one  of  the  most  virulent  poisons  known. 

(1)  Nicotine  Sulfate. 
At  the  present  time  there  are  on  the  market  a  number  of  different 
commercial  brands  of  nicotine,  of  various  grades  and  strengths,  which 
have  to  a  large  extent  superseded  the  home-made  preparations  for  general 
use.  For  garden  and  orchard  operations  the  highly  concentrated  product 
containing  40  per  cent  of  nicotine  in  the  form  of  nicotine  sulfate  is  at 
present  extensively  used.  This  is  sold  under  various  trade  names,  as 
"Black-Leaf  40,"  "Nicotine  Sulfate  40%,"  etc.  It  has  proved  especially 
valuable  for  the  control  of  many  soft-bodied  sucking  insects.    It  can  be 
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applied  at  strengths  required  for  efficient  insect  control  without  injury  to 
foliage,  and,  moreover,  it  can  be  combined  with  other  standard  sprays 
(lime-sulfur,  lead  arsenate,  etc.)  without  impairing  either  their  efficiency 
or  its  own. 

The  amount  of  dilution  recommended  varies  according  to  the  resistance 
of  the  insects  for  the  control  of  which  it  is  applied.  When  used  at  a  dilu- 
tion of  f-J  pint  in  50  gallons  of  water  (or,  where  only  a  few  plants  are 
to  be  treated,  1-1 1  teaspoonfuls  to  1  gallon  of  water),  nicotine  suKate 
is  efficient  for  the  control  of  the  average  soft-bodied  sucking  insects  of 
orchard  and  garden.  When  nicotine  sprays  are  used  alone  in  water,  the 
addition  of  soap,  2-4  pounds  to  every  50  gallons  of  spray  (f-1  ounce  to 
1  gallon),  increases  their  spreading  power  and  general  effectiveness.  With- 
out soap  the  nicotine  solutions  show  a  tendency  to  form  into  drops  which 
roll  off  the  leaves  without  penetrating  to  and  thoroughly  wetting  the 
insects.  When  nicotine  sprays  are  used  in  combination  with  other  in-  ' 
secticides  the  soap  should  never  be  added,  owing  to  the  breakdown  of  these 
chemicals  in  the  presence  of  the  strong  alkali  of  the  soap,  with  the  con- 
sequent formation  of  compounds  dangerous  to  foHage.  (See  page  12.) 
Recent  studies  upon  the  effects  of  nicotine  as  an  insecticide  (30)  have 
shown  that,  regardless  of  the  form  in  which  it  is  employed,  the  killing 
action  is  by  paralysis,  through  the  penetration  of  the  nicotine  vapors  into 
the  body  of  the  insect.  The  effectiveness  of  nicotine  sprays,  therefore, 
depends  on  the  amount  of  nicotine  released.  The  experiments  of  Graham 
and  Moore  (31)  have  indicated  that  nicotine  sulfate  alone  is  nonvolatile,  but 
if  a  solution  of  this  material  is  treated  with  soap  to  render  it  alkaUne, 
nicotine  is  at  once  released.  Inasmuch,  therefore,  as  the  vapor  of  nicotine 
is  the  principal  cause  of  the  death  of  insects  sprayed  with  tobacco  solu- 
tions, the  maximum  efficiency  of  solutions  containing  nicotine  sulfate 
can  only  be  obtained  by  insuring  that  the  spray  is  rendered  alkaline.  This 
is  best  attained  by  the  addition  of  soap. 

Within  the  last  few  years  nicotine  sulfate  has  been  used,  with  lime  and 
kaolin  as  carriers,  in  a  dust  application  for  the  control  of  the  walnut  aphis 
and  various  truck  crop  insect  pests,  in  California.  In  this  form  it  has 
demonstrated  a  killing  efficiency  and  rapidity  of  action  superior  to  the 
spray  applications.  Furthermore,  it  can  be  applied  faster  and  costs  less 
than  when  applied  in  liquid  form.  So  far  as  known,  this  has  not  as  yet 
been  used  in  Massachusetts.  Its  convenience  of  application  and  rather 
remarkable  success  as  far  as  tried  make  it  a  promising  form  of  application, 
especially  in  market  gardens. 

5.    Pyrethrum. 

Pyrethrum,  Persian  or  Dalmatian  insect  powder,  is  the  powdered  flowers 
of  Chrysanthemum  cinerarioefolium;  and  Buhach,  the  California  product, 
the  powdered  flowers  of  C.  coccineum.  The  bright  yellow  powder  owes  its 
insecticidal  value  to  the  presence  of  certain  volatile  oils,  contained  in  the 
flower  heads,  which  are  quite  poisonous  to  insects,  but  apparently  harmless 
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to  man.  The  material  rapidly  loses  its  effectiveness  unless  carefully  stored 
in  tight  receptacles. 

Pyrethrum  is  quite  effective  on  soft-bodied  insects  and  larvse  not  pro- 
tected by  hairs,  and  is  especially  useful  against  young  cabbage  worms  on 
cabbage  and  cauliflower  plants  which  are  soon  to  be  harvested.  It  acts 
purely  as  a  contact  insecticide;  the  application  must  be  made  very  thor- 
oughly, therefore,  to  bring  the  material  in  actual  contact  with  the  insects 
to  be  treated.  Its  action  is  of  short  duration,  the  active  principles  being  so 
volatile,  and  if  used  too  sparingly  some  of  the  insects  are  merely  numbed 
and  eventually  recover.  Its  usefulness  is  consequently  very  limited.  It 
is  rather  costly,  and  is  apt  to  vary  as  to  purity. 

Pyrethrum  may  be  applied  as  a  dry  powder,  pure  or  diluted  with  two 
to  three  times  its  bulk  of  flour,  air-slaked  lime,  etc.,  which  increases  its 
adhesiveness.  When  diluted  with  any  carrier  it  is  well  to  keep  the  mixture 
in  some  tightly  closed  receptacle  for  twenty-four  hours  before  using.  It 
can  also  be  applied  as  a  spray  at  the  rate  of  1  ounce  to  2  gallons  of  water, 
which  should  stand  for  twenty-four  hours  before  using.  For  immediate  use 
a  decoction  can  be  made  by  extracting  in  a  quart  of  boiling  water  for  from 
five  to  ten  minutes,  then  adding  the  rest  of  the  water. 

B.    FUNGICIDES. 

Fungicides,  as  the  term  is  applied  in  this  bulletin,  are  substances  used 
to  kiU  or  prevent  the  growth  of  fungi.  They  are  applied  to  the  host  as 
spray,  dust  or  fumes.  For  the  most  part,  they  are  used  as  preventives  and 
not  cures,  and  therefore  should  be  applied  before  the  fungus  is  present  on 
the  surface  of  the  host  plant.  As  such,  they  protect  by  forming  a  poison 
barrier  through  which  the  threatening  fungus  cannot  penetrate.  Some- 
times, however,  they  are  used  to  destroy  a  pathogen  (parasitic  organism 
which  causes  the  disease)  which  is  already  present;  e.g.,  powdery  mildews 
and  potato  tuber  organisms,  in  which  case  they  are  called  disinfectants. 
In  respect  to  use,  then,  we  distinguish  the  two  groups  of  fungicides:  (I) 
Protective  sprays  or  dusts,  and  (II)  Disinfectants.  In  some  cases,  how- 
ever, the  same  substance  may  be  used  for  both  purposes. 

A  good  fungicide  must  have  the  following  qualifications :  — 

1.  It  must  kill  or  inhibit  the  growth  of  the  pathogen  at  the  concentration  used. 

2.  It  must  not  seriously  injure  the  host  plant  at  this  same  concentration. 

3.  If  used  as  a  spray  it  must  adhere  tenaciously  to  the  surface  of  the  host. 

4.  If  used  as  a  protective  spray  it  must  be  practically  insoluble  in  water  after  it 
dries  on  the  host,  but  still  go  very  gradually  into  solution  under  the  influence  of 
atmospheric  conditions,  host  or  pathogen. 

5.  It  must  be  reasonably  low  in  cost,  both  of  material  and  of  labor  of  application. 

Most  of  the  fungicides  which  are  in  general  use  owe  their  effectiveness 
to  the  presence  in  some  form  of  one  of  three  elements,  —  copper,  sulfur 
or  mercury.  Formaldehyde,  effective  on  account  of  its  reducing  qualities, 
is  an  exception.  On  this  basis  we  shall  divide  them  for  convenience  of  dis- 
cussion, as  follows:  — 
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I.    PROTECTIVE  APPLICATIONS. 

1.    Copper  Fungicides. 

This  group  of  fungicides  owes  its  effectiveness  to  the  action  of  dissolved 
copper  on  the  fungus.  Copper  sulfate  was  perhaps  the  first  to  come  into 
general  use.  Its  use  for  disinfection  of  smutted  grain  seed  was  perfected 
during  the  eighteenth  century,  and  it  is  still  used  for  that  purpose  in  Europe 
and  Australia. 

Numerous  copper  ammonia  washes  have  also  been  used  with  more  or 
less  success,  mostly  for  the  diseases  of  ornamental  plants.  The  best  known 
and  most  widely  used  of  these  washes  are  Eau  celeste  (cuprammonium 
sulfate)  and  ammoniacal  copper  carbonate.  Since  none  of  them  has  come 
into  general  use  for  farm  or  orchard  crops,  they  need  not  be  discussed 
further  at  this  time. 

The  most  popular  and  most  extensively  used  of  all  copper  fungicides 
is  Bordeaux  mixture.  Home-made  Bordeaux  and  commercial  Bordeaux 
preparations  are  discussed  separately  below.  Other  copper  fungicides 
have  not  been  used  enough  to  warrant  separate  discussion  at  this  time. 

(1)     Bordeaux  Mixture. 

A  thick  paste  made  by  mixing  slaked  lime  with  copper  sulfate  and 
applied  to  the  grapevines  of  southern  France  for  the  purpose  of  warding 
off  pilfering  vagrants  was  the  origin  of  Bordeaux  mixture.  Millardet,  a 
professor  of  botany  at  Bordeaux,  observed  that  the  vines  which  were  so 
treated  suffered  less  from  the  downy  mildew  {Plasmopora  viticola) ,  which 
had  been  introduced  from  America  into  France  about  1878.  He  began 
investigations,  the  results  of  which  were  published  from  1882-85,  and  gave 
to  the  world  its  most  widely  used  fungicide.  The  whole  science  of  pro- 
tective spraying  began  with  his  work.  Soon  after  the  effectiveness  of 
Bordeaux  mixture  in  controlling  grape  mildew  had  been  demonstrated 
it  was  used  with  equal  success  for  potato  mildew  and  black  rot  of  grape. 
In  1887  it  was  introduced  into  the  United  States  by  the  United  States 
Department  of  Agriculture,  and  its  use  extended  to  other  diseases,  until 
by  the  end  of  the  century  it  had  come  to  be  regarded  almost  as  a  panacea 
for  all  fungous  diseases  of  plants. 

Formulas.  —  Bordeaux  mixture  as  now  used  is  still  made  from  lime, 
copper  sulfate  (blue  vitriol  or  bluestone)  and  water,  but  many  different 
formulas  for  the  proportions  of  the  three  ingredients  have  been  proposed 
and  used  with  success  for  various  diseases.  For  Massachusetts  crops  and 
conditions  the  "4-4-50  formula"  (4  pounds  copper  sulfate,  4  pounds 
quicklime  and  50  gallons  of  water)  is  preferred,  except  in  the  case  of  the 
late  sprays  for  potatoes  and  the  spray  for  celery  and  grapes.  In  the  latter 
cases  5-5-50  is  recommended.  Other  formulas  sometimes  employed  are 
3-3-50,  5-4-50  and  6-4-50. 
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Chemical  and  Physical  Pro2)erties.  —  When  the  dissolved  copper  sulfate 
and  milk  of  lime  are  poured  together,  a  reaction  takes  place  between  them 
resulting  in  the  formation  of  a  voluminous,  gelatinous  colloidal  precipitate 
which  does  not  settle  rapidly  to  the  bottom,  but  remains  evenly  distributed 
throughout  the  liquid  and  begins  to  settle  only  after  standing  undisturbed 
for  several  hours.  As  seen  under  the  microscope  it  is  a  mass  of  very  thin 
precipitation  membranes,  each  in  the  form  of  a  minute  closed  bag.  After 
a  few  hours  the  gelatinous  precipitate  gradually  becomes  crystalline,  the 
copper  salt  then  appearing  in  the  form  of  blue  sphserocrystals  (32)  which 
do  not  remain  afloat  but  settle  to  the  bottom.  In  the  best  mixtures  these 
membranes  are  most  fully  and  abundantly  formed,  and  as  a  result  they 
"stand  up"  longest.  In  poor  mixtures  they  settle  to  the  bottom  quickly. 
The  ability  of  the  mixture  to  perfectly  cover  the  surface  of  the  plant  and 
to  adhere  tenaciously  is  dependent  on  the  thoroughness  of  development  of 
these  precipitation  membranes.  It  is  therefore  customary  to  gauge  the 
excellency  of  the  mixture  to  no  inconsiderable  extent  by  the  length  of 
time  required  for  the  precipitate  to  settle.  Since  even  the  best  of  mixtures 
will  begin  to  settle  after  a  few  hours,  it  is  essential  that,  to  get  the  best 
results,  Bordeaux  be  apphed  when  freshly  prepared.  In  the  4-4-50  Bor- 
deaux there  is  a  considerable  excess  of  lime  (as  calcium  hydroxide) .  When 
the  spray  dries  on  the  leaves,  the  membranes  which  are  spread  over  the 
surface  conform  tightly  to  every  irregularity,  much  as  a  piece  of  thin  wet 
tissue  paper  does  when  dried  on  a  flat  surface,  and  are  not  washed  away 
readily  by  rains  or  removed  by  winds  or  other  agencies.  Bordeaux  mixture 
surpasses  all  other  fungicides  in  its  ability  to  adhere  to  the  host.  Copper, 
its  only  active  fungicidal  agent,  is  in  these  dry  membranes  in  a  form  almost 
insoluble  in  pure  water.  Since  it  cannot  affect  the  fungus  in  an  insoluble 
form,  it  must  be  brought  into  solution  by  some  other  agency.  The  follow- 
ing agencies  have  been  found  more  or  less  active  in  this  direction :  — 

1.  Carbon  dioxide  from  the  air  or  from  the  plant,  in  solution  in  dew  or  rain 
<irops,  very  gradually  brings  the  copper  into  solution  after  the  excess  lime  has  been 
■carbonated. 

2.  Ammonia  and  nitrous  or  nitric  acids,  present  in  small  amounts  in  rain  water, 
■cause  some  solution  of  the  copper. 

3.  Organic  substances  such  as  sugars,  excreted  in  small  quantities  from  the  host 
■cells,  bring  about  very  gradual  solution. 

4.  There  is  some  evidence  that  excietions  from  the  fungus  itself  bring  into  solu- 
tion enough  copper  to  kill  it. 

Bordeaux  Injury.  —  Bordeaux  mixture  falls  short  of  the  requirements 
of  a  good  fungicide  in  that  it  frequently  causes  injury  to  the  plant.  The 
copper,  brought  into  a  soluble  form  in  one  or  more  of  the  ways  enumerated 
above,  enters  the  tissues  of  the  plant  directly  through  the  epidermal  walls 
by  a  process  of  osmosis,  or  through  the  stomates,  lenticels  or  wounds. 
The  invaded  cells  are  killed  by  the  toxic  copper.  On  leaves  this  results  in 
definite  dead  spots  or  irregular  areas  on  margins  or  tips.  More  or  less 
defoliation  may  result  on  fruit  trees.    On  fruits,  the  death  of  some  of  the 
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cells  incites  the  production  of  protective  cork  cells,  thus  causing  the  rough 
russet  areas  which  disfigure  the  surface  of  fruits  such  as  apples  or  grapes. 
The  extent  of  the  injury  varies  with  the  hosts,  being  most  severe  on  peaches 
and  plums,  and  less  so  on  apples,  grapes  and  potatoes,  but  varying  even 
here  with  the  variety,  weather  conditions,  stage  of  development  and  many 
other  factors.  No  host  seems  to  be  innnune  under  all  conditions.  Ap- 
parently, continued  rainy  weather  increases  injury.  According  to  Hedrick 
(33)  it  is  not  prevented  by  the  use  of  excess  lime.  The  apple  growers  of 
Nova  Scotia,  however,  use  an  excess  lime  Bordeaux,  3-10-50,  which  is 
found  to  be  effective  against  scab,  while  it  greatly  reduces  the  russeting 
of  fruit  which  results  from  use  of  the  ordinary  Bordeaux  formula. 

(2)     Commercial  Bordeaux  Preparations. 
The  home  preparation  of  Bordeaux  mixture  has  a  number  of  disadvan- 
tages :  — 

1.  It  involves  a  number  of  distinct  operations  which  require  considerable  time. 

2.  The  grower  must  keep  in  mind  the  proportions  and  various  directions  for 
preparation,  or  always  have  available  the  printed  directions  for  the  same  (con- 
sidered a  nuisance  by  the  average  growei). 

3.  A  number  of  suitable  containers  are  required  and  are  frequently  not  at  hand 
when  needed. 

4.  Few  growers  keep  on  hand  a  supply  of  quicklime,  and  even  at  the  store  it 
cannot  always  be  obtained  when  wanted  and  of  the  quality  wanted,  especially  in 
small  quantities.  When  a  barrel  of  lime  is  opened,  it  quickly  carbonates,  and  the 
merchant  in  the  small  place  is  reluctant  to  break  a  barrel  for  a  few  pounds;  while 
for  the  same  reason  the  small  grower  does  not  wish  to  try  to  keep  it  at  home. 

5.  The  addition  of  a  suitable  insecticide  in  proper  proportions  increases  the 
above  objections. 

The  grower  who  uses  large  quantities  of  material  may  not  hesitate  ta 
go  to  all  this  trouble,  but  the  grower  who  operates  on  a  small  scale  demands 
a  fungicide  which  can  be  purchased  ready-mixed,  insecticide  included,  and 
which  needs  only  to  be  diluted  with  water  according  to  the  directions  on  a 
convenient-sized  package  to  be  ready  to  apply.  As  early  as  1893  — 
possibly  earlier  —  Leggett  &  Brother  of  New  York  were  putting  on  the 
market  a  dry  Bordeaux.  The  Bowker  Insecticide  Company  of  Boston 
sold  the  concentrated  paste  "Bodo"  at  least  as  early  as  1895.  Since  that 
time  a  great  number  of  ready-mixed  copper  fungicides,  usually  with  the 
insecticide  included,  have  come  into  the  market:  e.g.,  Pyrox,  Caascu, 
Kiltone,  Adheso,  Bordo-Lead,  Tuber  Tonic,  etc. 

Guaranties.  —  In  compliance  with  the  insecticide  act  of  1910,  and  the 
various  rules  and  regulations  which  have  been  promulgated  in  interpreta- 
tion of  it,  every  package  of  commercial  copper  fungicide  (not  materials 
such  as  copper  sulfate  (bluestone),  etc.)  has  on  the  label  a  statement  of 
(1)  the  percentage  of  metaUic  copper,  and  (2)  the  percentage  of  inert 
ingredients  which  it  contains.  Thus  one  well-known  commercial  brand  of 
dry  Bordeaux  mixture,  ts^ical  of  most  of  them,  is  guaranteed  as  follows:  — 

Active  ingredient,  metallic  copper,  not  less  than  11  per  cent. 
Inert  ingredients,  not  more  than  89  per  cent. 
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The  percentage  of  copper  varies  in  different  brands  from  1.5  per  cent  to 
as  much  as  25  per  cent,  being,  of  course,  higher  in  the  powdered  copper 
fungicides  than  in  those  which  contain  various  percentages  of  water. 

In  case  an  insecticide  which  contains  copper,  e.g.,  Paris  green,  is  included, 
the  guaranty  states  the  amount  of  copper  present  as  copper  of  Bordeaux, 
and  in  addition  may  also  state  the  total  amount  of  metallic  copper  in  both 
the  fungicide  and  the  insecticide.  In  this  case  the  copper  of  Bordeaux 
should  be  used  as  the  basis  for  calculating  the  value  of  the  substance  as  a 
fungicide.  To  the  purchaser  who  has  been  accustomed  to  thinking  in  terms 
of  4-^50  Bordeaux  mixture,  this  statement  of  ingredients  may  mean  but 
little.  For  this  reason.  Table  II  on  page  33  is  presented,  interpreting  the 
guaranties  in  terms  of  the  standard  4-4-50  Bordeaux. 

Now,  while  copper  is  the  only  active  fungicidal  principle  in  many  of 
these  materials,  the  value  of  a  fungicide  does  not  vary  directly  as  the  per- 
centage of  metallic  copper.  The  physical  character  after  it  is  diluted 
determines  its  power  to  cover  and  adhere  to  the  foliage  of  the  plant  to  be 
protected.  A  fungicide  which  is  washed  from  the  foliage  with  the  first 
rain  is  worthless.  It  is  just  as  important  that  the  commercial  substitute 
shall  on  dilution  produce  a  voluminous  gelatinous  precipitate  which 
"stands  up"  well  as  it  is  for  the  home-made  Bordeaux.  Commercial 
fungicides  which  lack  this  physical  character  are  deficient  in  adhesive 
quality,  and  are  therefore  inferior  to  home-made  Bordeaux,  although 
they  may  contain  as  much  copper. 

The  final  test  of  the  efficiency  of  a  fungicide,  however,  is  its  proved  ability 
in  the  field  or  experimental  plot  to  check  the  disease  for  which  it  is  used. 
It  has  been  demonstrated  in  the  field  that  many  of  these  commercial  copper 
preparations  have  value,  but  we  know  of  no  case  in  which  carefully  con- 
firmed and  repeated  experiments  by  unbiased  experimenters  have  shown 
them  to  be  equal  in  efficiency  to  freshly  prepared  Bordeaux  mixture. 
They  are  being  rapidly  improved,  however,  and  we  do  not  despair  of  seeing 
on  the  market  within  a  few  years  an  entirely  satisfactory  commercial 
Bordeaux  preparation. 

(3)  Pickering  Sprays. 
These  fungicides,  variously  called  Woburn  Bordeaux,  lime-water  Bor- 
deaux, or  Pickering  sprays,  were  devised  and  investigated  by  Bedford  and 
Pickering  (34)  of  the  Woburn  Experimental  Fruit  Farm  in  England.  They 
are  made  by  mixing  clear  saturated  limewater  with  dilute  solutions  of 
copper  suKate.  It  is  claimed  that  they  are  more  economical  than  Bordeaux, 
in  that  they  contain  no  excess  lime,  and  the  copper  is  more  efficient.  They 
are  said  to  deteriorate  less  rapidly  than  Bordeaux  and  are  more  easily 
applied.  They  have  been  but  little  investigated  or  used  in  America. 
Cook  (35),  however,  after  three  years'  tests,  finds  them  just  as  effective 
as  Bordeaux  4-4-50  for  control  of  diseases  of  potatoes  and  cranberries  in 
Maine  and  New  Jersey.  They  did  not  injure  the  foliage,  possessed  good 
covering  and  adhesive  •  properties,  and  apparently  possessed  the  same 
stimulative  properties.    These  sprays  have  not  been  used  in  Massachusetts. 
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2.     SuLFUK  Fungicides. 

The  use  of  sulfur  for  disinfection  of  diseased  plants  was  a  common  hor- 
ticultural practice  many  years  before  the  discovery  of  Bordeaux  mixture. 
The  date  of  its  origin  has  not  been  recorded.  It  was  sometimes  used  alone 
as  a  dust,  and  sometimes  mixed  with  other  substances  such  as  lime.  Thus 
in  1833  William  Kenrick  (36)  recommended  a  mixture  of  1|  pints  of 
sulfur,  a  piece  of  quicklime  as  large  as  the  fist,  and  2  gallons  of  boiling 
water  as  a  remedy  for  mildew  of  grapes.  "Grison  liquid,"  first  prepared 
by  a  Frenchman,  Grison,  in  1851,  was  considered  at  that  time  very  effec- 
tive, and  is  of  historical  interest  as  being  a  prototype  of  our  modern  lime- 
sulfur  solution.  A  mixture  of  flowers  of  sulfur,  freshly  slaked  lime,  and 
water  was  boiled  for  ten  minutes,  and  the  supernatant  liquid  diluted  and 
applied  with  a  sponge,  especially  for  control  of  mildews  (37).  In  these 
early  years,  it  should  be  noted,  sulfur  fungicides  were  never  applied  for 
protection,  but  as  cures.  The  idea  of  protective  sprajdng  seems  never  to 
have  been  considered  previous  to  the  discovery  of  Bordeaux  mixture. 

(1)     Lime-sulfur  Solutions. 

The  introduction  of  lime-sulfur  into  California  from  Australia  for  the 
control  of  San  Jose  scale  has  been  described  elsewhere  in  this  bulletin 
(page  13).  Shortly  after  the  peach  growers  of  that  State  began  using  it 
for  the  scale  (about  1880),  they  noted  that  peach  leaf  curl,  a  fungous 
disease,  was  also  controlled  by  the  dormant  spray.  It  immediately  began 
to  come  into  general  use  as  a  fungicide,  first  in  the  West,  then  in  the  East. 
Its  use  as  a  protective  spray  for  other  plant  diseases  began  about  1907,  mth 
the  observation  by  Cordley  of  Oregon  (38)  that  when  the  dormant  spray 
for  scale  was  applied  so  late  that  the  apple  leaves  had  already  unfolded, 
the  scab  disease  was  also  checked.  Experiment  stations  in  all  parts  of  the 
country  began  to  investigate  it,  and  within  a  few  years  it  had  almost  sup- 
planted Bordeaux  as  a  spray  for  the  apple  orchard  and  for  many  other 
crops. 

Formulas  for  Application.  —  Most  of  the  commercial  brands  of  lime- 
sulfur  test  about  33°  by  the  Baume  hydrometer.  As  a  summer  spray  for 
the  orchard,  this  should  be  diluted  at  the  rate  of  11  gallons  to  the  barrel. 
If  the  home-made  solution  is  used  it  should  be  tested  with  the  hydrometer, 
and  the  rate  of  dilution  ascertained  by  consulting  the  dilution  table  on 
page  15  of  this  bulletin.  The  dilution  for  dormant  spray  (e.g.,  for  peach- 
leaf  curl)  is  the  same  as  recommended  for  San  Jose  scale  under  insecticides 
on  page  15. 

Effect  on  the  Fungus.  ■ —  When  lime-suKur  is  exposed  to  the  air  on  the 
foliage,  a  process  of  oxidation  begins  (see  page  14  for  the  equations  repre- 
senting this  process) ,  which  results  in  the  liberation  of  sulfur  in  a  very  fine 
state  of  division.  It  is  the  opinion  of  most  investigators  that  it  is  this 
nascent  sulfur  —  not  the  sulfite,  sulfate  or  thiosulfate  of  calcium  —  which 
is  of  fungicidal  value.     The  free  sulfur  is  probably  gradually  oxidized 
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further  to  sulfur  dioxide,  which  in  water  forms  sulfurous,  and  on  further 
oxidation,  sulfuric  acid.  Both  sulfurous  and  sulfuric  acid  are  toxic  to 
fungi.  There  is  probably  some  chemical  reaction  between  the  acid  and  the 
protoplast  of  the  fungus  which  results  in  the  death  of  the  latter. 

Lime-sulfur  Injury.  —  Lime-sulfur  solutions  are  superior  to  Bordeaux 
mixture  in  that  they  cause  less  injury  to  foliage  and  rarely  any  fruit  injury. 
Under  certain  conditions,  however,  which  have  not  been  very  well  defined, 
injury  has  resulted.  Wallace  (39)  finds  that  this  injury  differs  from  that 
produced  by  Bordeaux  in  that  it  appears  within  a  very  short  time  after 
the  spray  is  applied,  and  infers  from  this  fact  that  it  is  due  to  the  burning 
effect  of  the  soluble  polysulfides  before  the  solution  has  dried  on  the  leaves. 
It  most  often  appears  as  irregular  dead  areas  on  the  margins  and  tips  of 
leaves  where  the  liquid  collects  in  larger  drops  and  becomes  more  con- 
centrated as  it  dries.  Hence  he  warns  against  drenching  the  leaves. 
Addition  of  lime  seems  to  have  no  effect  on  this  injury.  Injury  is  worse 
where  the  leaves  have  been  previously  wounded  by  insects,  scab  or  other 
agencies,  and  the  solution  has  direct  access  to  the  interior  tissues.  Dif- 
ferent crops  show  different  degrees  of  susceptibility  to  injury.  Peach  trees 
are  often  entirely  defoUated  by  lime-sulfur  of  a  strength  that  is  entirely 
safe  on  apples.  Pears  show  varietal  differences  in  this  respect,  the  Duchess 
being  very  easily  injured.  The  orchardists  of  Nova  Scotia  have  within  the 
last  few  years  almost  abandoned  the  use  of  lime-sulfur  spray  because  it 
causes  a  serious  dropping  of  the  fruit.  Such  damage  has  not  been  noted  in 
this  State. 

(2)  Self-boiled  Lime-sulfur. 
The  use  of  mechanical  mixtures  of  sulfur  and  lime  dates  far  back  into 
the  history  of  plant-disease  control.  Freshly  slaked  lime  provided  a  cheap 
base  for  a  paste  suitable  for  applying  and  distributing  the  flowers  of  sulfur. 
,  The  only  sources  of  heat  in  these  early  mixtures  were  the  hot  water  some- 
times recommended  for  mixing,  and  the  reaction  of  the  lime  in  slaking.  But 
sulfur  fungicides  were  almost  forgotten  during  the  quarter  century  which 
followed  the  introduction  of  Bordeaux.  The  use  of  the  self -boiled  mixture 
in  its  present  form  was  revived  by  Scott  (40)  of  the  United  States  Depart- 
ment of  Agriculture  in  1907  for  the  control  of  brown  rot  and  scab  of 
peaches.  Bordeaux  mixture  and  sulfur  fungicides  which  contain  suKur  in 
solution  were  found  to  be  highly  injurious  to  peach  foliage  when  applied 
at  a  concentration  sufficient  to  control  these  diseases.  Scott  found  that 
this  mixture,  which  contains  but  a  very  small  percentage  of  soluble  sulfur 
at  most,  gave  good  control  of  the  diseases  and  caused  no  burning  of  the 
foUage.  Within  a  few  years  it  became  the  most  extensively  used  and  suc- 
cessful fungicide  for  peaches  and  plums  throughout  the  country.  Objec- 
tions to  the  use  of  self -boiled  lime-suKur  are:  — ■ 

1.  The  poor  suspension  of  ingredients  necessitates  constant  strong  agitation  and 
frequent  cleaning  of  nozzles. 

2.  Especially  in  dry  seasons,  it  leaves  deposits  on  the  fruit  if  applied  within  a 
few  weeks  of  ripening. 

3.  The  labor  costs  of  preparation  are  exceedingly  heavy. 
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Formula.  —  The  8-8-50  formula  is  now  used  almost  exclusively  (8 
pounds  of  quicklime,  8  pounds  of  sulfur,  50  gallons  of  water) . 

Physical  and  Chemical  Properties.  —  This  is  a  mechanical  mixture,  or, 
at  most,  there  is  only  a  minimum  amount  of  chemical  union  between  the 
lime  and  sulfur.  In  explanation  of  the  part  played  by  the  lime,  Scott  (41) 
says:  "The  intense  heat  seems  to  break  up  the  particles  of  sulphur  into 
about  the  physical  condition  of  precipitated  sulphur,  and  the  violent 
boiling  makes  a  good  mechanical  mixture  of  the  lime  and  sulphur.  The 
finely  divided  sulphur  is  depended  upon  for  the  fungicidal  action  rather 
than  the  sulphids  in  solution."    The  lime  also  gives  adhesive  qualities. 

The  result,  then,  is  the  same  in  the  end,  whether  the  conmiercial  lime- 
sulfur  or  the  self -boiled  is  used,  —  sulfur  in  a  finely  divided  form  is  de- 
posited on  the  leaves,  and  the  fungus  is  killed  or  checked  in  its  development 
as  described  above  (page  26). 

(3)    Sulfur  Dust. 

The  use  of  suKur  dust  as  a  protective  application  was  first  begun  in  New 
York  State  and  most  energetically  pushed  by  Whetzel,  Reddick,  Blodgett 
et  al.  of  the  Cornell  Experiment  Station.  Since  its  beginning  in  New  York 
State  in  1912,  experiment  station  workers  in  Michigan,  Georgia,  Illinois, 
Virginia,  West  Virginia,  Maryland,  Nova  Scotia,  and  Ontario  have  con- 
ducted orchard  tests  with  the  dust  as  a  possible  substitute  for  the  lime- 
sulfur  and  lead  arsenate  spray.  The  published  results  from  New  York, 
Michigan,  Illinois,  Nova  Scotia,  and  Ontario  indicate  an  efficiency  equal 
to  that  of  lime-sulfur  and  lead  arsenate  for  the  control  of  apple  scab  and 
codling  moth.  Virginia  and  West  Virginia  workers  report  satisfactory 
control  of  codling  moth,  but  find  it  unsatisfactory  for  black  rot,  bitter 
rot,  rust  and  scab  of  apples,  and  (in  Virginia)  for  brown  rot  of  peaches. 
Peach  dusting  experiments  in  Georgia  and  West  Virginia  indicate  an 
efficiency  against  scab  and  curculio  equal  to  that  of  the  sulfur  spray,  and 
slightly  less  control  for  brown  rot.  Results  in  Maryland  are  less  favorable 
to  control  of  orchard  fungi  by  dusting  than  by  spraying.  Whether  it  is 
better  to  dust  than  to  spray  and  just  what  diseases  can  be  better  con- 
trolled by  dusting  are  questions  that  have  by  no  means  been  fully  answered. 
Dusting  has  many  opponents  as  well  as  advocates  among  both  scientists 
and  practical  growers.  No  great  body  of  experience  has  yet  been  developed 
in  Massachusetts,  and  lacking  this,  the  question  cannot  be  satisfactorily 
answered. 

Formulas.  —  The  sulfur  dust  is  still  in  the  experimental  stage,  and  the 
proportion  of  sulfur  to  lead  arsenate  or  to  inert  "fillers"  has  not  become 
standardized.  The  most  used  formula  calls  for  90  parts  of  very  finely 
ground  sulfur  to  10  parts  of  the  fluffy  type  powdered  lead  arsenate. 
"Fillers,"  such  as  hydrated  lime,  "terra  alba,"  etc.,  have  been  used  in  some 
places.  The  material  may  be  bought  ready-mixed  or  mixed  with  machine 
at  home.  Various  types  of  dusting  machines  for  application  are  now  on 
the  market.  • 
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II.    DISINFECTANTS. 
1.    CoEROsivE  Sublimate. 

This  fungicide  (known  also  as  mercuric  chloride  or  mercury  bichloride) 
is  used  only  as  a  disinfectant.  Its  toxicity  to  foliage  and  its  solubility 
prevent  its  use  as  a  spray.  Its  only  use  in  Massachusetts  on  the  farm  or 
in  the  orchard  is  for  disinfection  of  seed  potatoes  and  of  wounds  on  trees 
produced  by  pruning,  canker  removal,  etc.  Corrosive  sublimate  is  a 
white,  dry  crystalline  salt  which  may  be  secured  in  the  market  in  the 
powdered  form  or  as  tablets.  The  tablets,  which  are  commonly  purchased 
at  drug  stores,  are  of  such  a  size  that  one  tablet  produces  a  1-1,000  Solution 
when  dissolved  in  a  pint  of  water. 

Formula.  —  Corrosive  sublimate  for  all  purposes  is  used  at  a  dilution 
of  1-1,000.  This  dilution  may  be  secured  by  dissolving  2  ounces  of  the 
salt  in  15  gallons  of  water. 

2.      FOEMALDEHYDE. 

i 

,      Formaldehyde  is  a  toxic  gas  extensively  used  as  a  disinfectant  since 

!  1888.    Its  ability  to  kill  fungi  and  bacteria  is  dependent  on  its  reducing 

power,  that  is,  on  its  power  to  remove  oxygen  from  matter  with  which  it 

comes  in  contact.     The  formaldehyde  (formalin)  which  is  sold  on  the 

>  market  is  a  solution  of  the  gas  in  water.    According  to  the  United  States 

standard  of  purity  for  interstate  commerce,  37  per  cent  of  the  weight  must 

be  formaldehyde  gas.    Although  commonly  spoken  of  as  a  40  per  cent 

'  solution,  analyses  of  samples  in  recent  years  have  shown  it  to  be  frequently 

much  lower,  even  down  to  32  per  cent.    Also,  a  white  sediment  (parafor- 

I  maldehyde)  is  frequently  deposited  in  the  bottom  of  containers.     Since 

I  the  formation  of  paraformaldehyde  lowers  the  percentage  of  formalde- 

I  hyde,  the  solution  should  be  warmed  until  the  white  sediment  has  dis- 

'  appeared  before  it  is  used.    Commercial  formaldehyde  also  contains  5-10 

per  cent  or  more  of  wood  alcohol,  but  this  does  not  impair  its  fungicidal 

I  value.    The  fumes  are  very  irritating  to  the  nose  and  eyes,  but  it  is  a 

'  safer  disinfectant  than  corrosive  sublimate. 

Uses  and  Formulas.  —  The  use  of  formaldehyde  (formalin),  at  a  dilu- 
tion of  1  part  in  240  (1  pint  to  30  gallons),  for  disinfection  of  seed  potatoes 
against  scab  has  now  been  almost  discontinued  in  favor  of  corrosive  sub- 
limate because  the  latter  is  also  effective  against  black  scurf. 

For  disinfection  of  grain  seed  against  smut,  a  dilution  of  1-240  is  recom- 
mended except  where  the  spray  method  is  used.  In  the  latter  case  equal 
parts  of  commercial  formaldehyde  and  water  are  used. 

For  onion  smut  the  1-128  formula  has  been  recommended  most  exten- 
sively. 
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C.     COMBINED  INSECTICIDES  AND  FUNGICIDES. 

Most  farm  and  orchard  crops  suffer  from  both  insect  pests  and  fungous 
diseases.  This  necessitates  the  use  of  both  an  insecticide  and  a  fungicide 
on  the  same  plant.  Frequently,  also,  the  presence  at  the  same  time  of  more 
than  one  species  of  insect  requires  the  application  of  both  a  stomach 
poison  and  a  contact  insecticide.  If  the  crucial  time  for  application  of  more 
than  one  should  be  approximately  the  same,  it  is  usually  possible  and 
profitable  to  combine  them  in  a  single  application.  Such  a  combination 
results  in  the  saving  of  one-half  to  two-thirds  of  the  time  required  for 
separate  applications,  and  since  labor  is  usually  the  big  item  of  expense 
in  spraying,  the  cost  is  materially  diminished.  Unfortunately,  however, 
it  is  not  possible  to  combine  indiscriminately  the  various  substances  which 
are  used  as  fungicides  and  insecticides.  Frequently,  in  combining  two  or 
more  of  them  a  reaction  takes  place  which  results  in  — 

1.  Complete  or  partial  neutralization  of  the  beneficial  qualities  of  one  or  more. 

2.  Formation  of  a  new  compound  which  will  injure  the  plant. 

3.  Liberation  of  some  harmful  element. 

Such  substances  are  said  to  be  incompatible.  It  should  not  be  under- 
stood, however,  that  chemical  combinations  between  fungicides  and  in- 
secticides are  always  harmful  or  undesirable.  Sometimes  the  reaction  is 
known  to  increase  rather  than  decrease  the  fungicidal  value;  in  other 
combinations  the  substances  have  no  effect  on  each  other.  The  possible 
combinations  are  discussed  below,  and  the  compatibilities  graphically 
represented  in  the  diagram  opposite  this  page. 

In  making  combinations,  the  formulas  and  methods  of  preparation 
should  be  the  same  as  have  been  previously  described  for  each  material. 

I 
1.    Bordeaux  Mixtube  with  Lead  Arsenate  or  Calcium 
Arsenate. 

Bordeaux  mixture  can  be  combined  safely  with  lead  arsenate  or  cal- 
cium arsenate.  There  is,  however,  some  experimental  evidence  to  show 
that,  in  such  a  combination,  the  fungicide  inhibits  the  action  of  the  ar- 
senical to  a  considerable  extent  (42).  On  the  other  hand,  the  excess  lime  of 
the  Bordeaux  combines  with  any  arsenic  rendered  soluble  by  atmospheric 
conditions,  thus  diminishing  the  danger  of  foliage  injury.  Owing  to  its 
superior  adhesive  qualities,  lead  arsenate  is  better  than  calcium  arsenate 
for  combination  with  Bordeaux.  On  the  other  hand,  calcium* 'arsenate  is 
much  cheaper.  The  choice  between  these,  therefore,  seems  to  be  a  matter 
of  personal  preference. 


MIXING    SPRAY    MATERIALS. 


DESIRABLE    COMBINATIONS 
UNDESIRABLE    COMBINATIONS 


Adapted   from   Cir.  195  Cal-    Exp  8ta. 
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2.    BoEDEAux  Mixture  with  Paris  Green. 

These  two  can  be  combined  safely.  The  excess  Hme  in  the  Bordeaux 
unites  with  any  free  arsenic  which  may  be  present  in  the  insecticide,  and 
thus  protects  the  leaves  from  arsenical  injury.  Paris  green  also  has  fungi- 
cidal value  (43);  the  combination,  therefore,  is  slightly  more  beneficial 
than  the  fungicide  alone.  No  injurious  or  neutralizing  reaction  occurs 
between  the  two  materials. 

3.    Proprietary  Copper  Preparations. 

Most  of  these  preparations  have  the  constituents  of  Bordeaux  mixture 
with  the  addition  of  a  stomach  poison,  usually  lead  arsenate  but  occasion- 
ally Paris  green.  Both  are  compatible  with  the  fungicide,  and  the  effect 
should  be  the  same  as  previously  described  for  combinations  of  these 
arsenicals  with  Bordeaux. 

The  tendency  of  manufacturers  of  commercial  copper  mixtures  has  been 
to  recommend  the  dilution  of  their  product  to  a  copper  content  lower  than 
that  of  4-4-50  Bordeaux.  Within  recent  years,  however,  they  have  been 
increasing  the  amount  of  copper  and  recommending  a  more  concentrated 
application.  The  percentage  of  arsenic  has  been  more  nearly  that  recom- 
mended by  entomologists  for  control  of  insects.  Thus  when  the  purchaser 
has  mixed  in  his  spray  tank  enough  of  a  low-copper  preparation  to  conform 
to  the  standard  given  in  Table  II,  he  will  have  the  arsenical  in  great  excess 
of  the  amount  needed,  and  therefore  is  paying  a  very  high  price  for  his 
arsenic. 

The  manufacturer  is  required  to  state  on  the  label  the  amount  of 
arsenic  which  is  present,  either  as  metallic  arsenic  or  as  arsenic  or  arsenous 
oxide.  As  "an  aid  to  the  purchaser  in  making  dilutions  and  in  estimating 
the  value  of  the  preparation,  Table  II  shows  the  guaranteed  arsenic  content 
and  the  amount  of  material  required  to  furnish  arsenic  equivalent  to  the 
standard  formula  (0.293  pound  of  metallic  arsenic  to  50  gallons  of  water). 

4.    Bordeaux  Mixture  with  Lead  Arsenate  or  Calcium  Arsenate 
AND  Nicotine  Sulfate. 

These  materials  are  compatible  and  make  an  efficient  combination. 
Some  hesitancy  was  felt  at  first  in  regard  to  the  safety  of  such  a  combina- 
tion, owing  to  the  supposed  reaction  between  copper  and  tobacco  com- 
pounds, and  the  possibility  of  serious  burning  of  foliage  by  the  resulting 
products  (44) .  It  has  been  demonstrated,  however,  by  chemical  analyses 
and  extensive  field  tests,  that  there  is  no  objectionable  reaction  when 
nicotine  in  the  form  of  sulfate  is  combined  with  Bordeaux  mixture;  hence 
this  combination  may  be  used  (45) . 

In  preparing  this  spray  the  nicotine  sulfate  should  be  added  just  before 
application,  and  thorough  agitation  should  be  given  to  insure  an  even 
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distribution  of  the  highly  concentrated  nicotine  product  throughout  the 
mixture. 

Soap  should  never  be  added  when  nicotine  sulfate  is  used  in  this  com- 
bination. 

5.    Lime-sulfur  with  Lead  Arsenate  or  Calcium  Arsenate. 

The  great  extent  to  which  sulfur  compounds  have  supplanted  copper 
sprays  as  fungicides  has  made  this  combination  probably  the  most  widely 
used  and  most  important  in  practice  to-day. 

When  lead  arsenate  is  added  to  lime-sulfur,  a  chemical  reaction  takes- 
place  causing  more  or  less  decomposition  of  both  materials.  This  reaction 
does  not  decrease  the  fungicidal  value  of  the  mixture.  In  fact,  Wallace 
(46),  in  his  investigation  of  apple  scab  control,  found  that  the  addition  of 
lead  arsenate  increased  the  fungicidal  action  of  the  lime-sulfur  by  about 
50  per  cent.  The  fact  has  long  been  recognized  that  arsenate  of  lead  alone 
has  some  value  as  a  fungicide. 

The  effect  of  this  reaction  upon  the  value  of  the  combination  as  an 
insecticide,  however,  is  unfavorable.  In  the  case  of  the  acid  lead  arsenate 
(90  per  cent  of  that  on  the  market  to-day  is  of  this  type) ,  the  reaction  with 
lime-sulfur  results  in  the  formation  of  a  considerable  percentage  of  soluble 
arsenic,  with  the  consequent  danger  of  severe  foliage  injury.  The  addition 
of  milk  of  lime,  5  pounds  to  50  gallons  of  the  mixture,  checks  this  reaction 
and  so  reduces  the  tendency  to  burn  foliage  (47).  The  arsenate  of  lead 
should  be  added  to  the  milk  of  lime,  and  the  two  thoroughly  mixed  together 
and  then  poured  into  the  lime-suhur  solution  so  that  the  protective  agent 
may  be  present  when  the  two  active  ingredients  are  brought  together. 

When  calcium  arsenate  is  used  with  lime-sulfur,  so  far  as  known  no 
chemical  change  takes  place  which  decreases  the  value  of  the  combination 
either  as  an  insecticide  or  as  a  fungicide.  The  addition  of  milk  of  lime, 
however,  as  a  precautionary  measure  seems  advisable. 

6.    Lime-sulfur  with  Lead  Arsenate  or  Calcium  Arsenate  and 
Nicotine  Sulfate. 

These  materials  can  be  combined  successfully  and  effectively.  The 
presence  of  nicotine  sulfate  is  not  known  to  modify  any  of  the  reactions 
mentioned  under  5,  and  the  recommendations  there  made  apply  to  this 
combination  also. 

The  suggestions  relative  to  the  addition  of  nicotine  sulfate  to  the  spray,    : 
and  caution  regarding  the  use  of  soap,  apply  here  as  in  4  above. 
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Table  II.  —  Combined  and  Unconibined  Insecticides  and  Fungicides. 

Amounts  required  tolfurnish  metallic  copper  and  arsenic  in  quantities  equivalent  to  those  in  a 
standard  4-4-50  Bordeaux  with  arsenical. 


Commercial  Bordeaux. 

Commercial  Arsenates. 

Guaranty  of 

Metalho 

Copper  (Per 

Cent). 

For  50?Gal- 

lons  of  Spray 

(Pounds). 

For  1  Gal- 
lon of  Spray 
(Ounces). 

Guaranty  of 

Metallic 

Arsenic  (Per 

Cent). 

For  50  Gal- 
lons of  Spray 
(Pounds) . 

For  1  Gal- 
lon of  Spray 
(Ounces). 

25.0 

4.00 

1.25 

30.0 

1.00 

.25 

20.0 

5.00 

1.50 

25.0 

1.25 

.25 

15.0 

6.75 

2.25 

20.0 

1.50 

.50 

12.5 

8.25 

2.50 

17.5 

1.75 

.50 

10.0 

10.25 

3.25 

15.0 

2.00 

.75 

9.0 

11.25 

3.75 

10.0 

3.00 

1.00 

8.0 

12.75 

4.00 

9.0 

3.25 

1.00 

7.5 

13.50 

4.25 

8.0 

3.75 

1.00 

7.0 

14.50 

5.00 

7.0 

4.25 

1.25 

6.5 

16.00 

5.00 

6.0 

5.00 

1.50 

6.0 

17.00 

5.50 

5.0 

5.75 

2.00 

5.5 

18.50 

6.00 

4.5 

6.50 

2.00 

5.0 

20.00 

6.50 

4.0 

7.00 

2.50 

4.5 

22.50 

7.00 

3.5 

8.00 

2.75 

4.0 

25.50 

8.00 

3.0 

10.00 

3.25 

3.5 

29.00 

9.00 

2.5 

12.00 

3.75 

3.0 

34.00 

12.00 

2.0 

15.00 

4.75 

2.5 

41.00 

13.00 

1.5 

19.50 

6.25 

2.0 

51.00 

16.00 

1.0 

29.00 

9.50 

1.5 

68.00 

22.00 

.5 

58.00 

19.00 
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APPENDIX. 

Commercial  Bordeaux  Mixtures. 
Brands  and  Guaranteed  Composition. 


Manct'acttjhee  and  Bband. 


Metallic 
Copper  (Cu) 
(Per  Cent). 


J.  A.  Blanohard  Company,  New  York  City:  — 

Lion  Brand 

Lion  Brand  (dry) 

Corona  Chemical  Company,  Milwaukee,  Wis.:  — 
Corona  Dry  Bordeaux  Mixture,     . 

Dow  Chemical  Company,  Midland,  Mich. :  — 
No  brand  name  given,  .... 

Grasseli  Chemical  Company,  Cleveland,  Ohio:  — 
Bordeaux  mixture  (dry),        .... 

Sherwin-Williams  Company,  Cleveland,  Ohio:  — 
Fungi-Bordo, 

Sterling  Chemical  Company,  Cambridge,  Mass.:  — 
Sterhngworth  (liquid),            .... 
Sterlingworth  (dry) 


4.00 
11.00 


11.00 
25.00 
13.00 
11.00 


3.00 
10.00 


Commercial  Bordeaux  with  Insecticides. 
Brands  and  Guaranteed  Composition. 


Manufacturer  and  Brand. 


Metallic 
Copper  (Cu) 
(Per  Cent). 


Metallic 
Arsenic  (As) 
(Per  Cent). 


Bowker  Insecticide  Company,  Boston,  Mass.:  — 

Pyrox, 

Detroit  White  Lead  Works,  Detroit,  Mich.:  — 

Rogers  Leaded  Bordo, 

Frost  Insecticide  Company,  Arlington,  Mass.:  — 

Bordo  Lead, 

Interstate  Chemical  Company,  Jersey  City,  N.  J. :  — 
Bordo  Lead, '     . 

Sherwin-Williams  Co.,  Cleveland,  Ohio:  — 

Pestroy, 

Tuber  Tonic 

Sterling  Chemical  Company,  Cambridge,  Mass.:  — 

Sterlingworth  Ar-Bo,    ........ 

Thomsen  Chemical  Company,  Baltimore,  Md. :  — 

Bordo  Lead,  Orchard  Brand,       .         .         .        .        .         . 

Toledo  Rex  Spray  Company,  Toledo,  Ohio:  — 

NuRexo, • 

Leggett  &  Brother,  New  York  City:  — 

Dry  Bordeaux  and  Paris  Green  Compound, 

Sterling  Chemical  Company,  Cambridge,  Mass.:  — 

Sterlingworth  Dry  Bordeaux  and  Paris  Green  Compound, 


3.42 

2.75 
2.90 
5.00 


2.75 
24.00 


1.65 
3.90 
3.60 
12.50 
2.00 
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RUST  OF  ANTIRRHINUM.' 


BY  WILLIAM   L.   DOKAN. 


Introduction. 

The  cultivated  snapdragon  (Antirrhinum  majus  L.)  is  a  biennial  or 
perennial  under  culture.  It  is  a  member  of  the  family  Scrophulariacese. 
The  plant  was  introduced  here  from  Europe.  As  an  escape  from  gardens 
it  is  rare  in  New  England.  The  snapdragon  has  been  a  popular  garden 
flower  for  two  hundred  years,  but  only  within  the  last  ten  years  has  it  been 
grown  to  any  extent  as  a  greenhouse  crop.  There  has  been  an  increasing 
demand  for  it  as  a  cut  flower,  and  consequently  an  increasing  amount  of 
glass  has  been  devoted  to  its  culture.  As  a  florist's  crop,  the  snapdragon 
may  be  classed  as  about  equal  in  importance  to  mignonette,  schizanthus, 
stocks,  pansies  and  primulas  (Nehrling,  1914),  varying,  of  course,  in 
different  localities. 

Growers  have  propagated  principally  for  the  best  colored  blossoms  and 
the  best  formed  spikes,  and  relatively  slight  attention  has  been  paid  to  the 
susceptibiHty  of  the  plants  to  disease.  Increased  and  intensive  cultivation 
seem  to  have  weakened  this  once  hardy  plant,  for  it  is  now  affected  severely 
by  at  least  four  fungous  diseases..  The  diseases  of  snapdragon,  other  than 
rust,  are:  anthracnose  or  leaf -spot,  caused  by  Colletotrichum  Antirrhini,, 
Stew.  (Stewart,  1900),  and  stem-rot  and  leaf -spot,  caused  by  Phyllosticta 
Antirrhini,  Syd.  (Guba  and  Anderson,  1919). 

Rust  is  the  most  serious  of  the  diseases  of  snapdragon  under  glass ;  but 
according  to  the  observation  of  the  writer,  anthracnose  is  in  most  years  a 
more  serious  disease  than  rust  on  plants  grown  outdoors.  The  investiga- 
tion of  snapdragon  rust  was  undertaken  by  the  writer  because  of  the 
economic  importance  of  the  disease,  and  because  so  little  information 

1  Presented  to  the  faculty  of  the  Graduate  School  of  the  Massachusetts  Agricultural  College 
(May,  1917)  in  partial  fulfillment  of  the  requirements  for  the  degree  of  master  of  science.  Litera- 
ture citations  are  brought  up  to  the  date  of  presentation  for  publication  CJanuary,  1921).  The 
writer  wishes  to  express  his  indebtedness  to  Prof.  A.  V.  Osmun  of  the  Massachusetts  Agricul- 
tural College  and  to  Dr.  O.  R.  Butler  of  the  New  Hampshire  Agricultural  Experiment  Station, 
under  whose  direction  the  work  here  described  was  carried  on. 
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concerning  the  disease  was  available  to  the  growers.  Rust  causes  loss  in 
at  least  three  ways.  A  spike  of  snapdragon  blossoms  is  useful  only  when 
it  is  beautiful,  and  the  rust  pustules  on  leaves  and  stem  considerably  mar 
the  appearance  and  hence  lessen  the  value  of  otherwise  salable  spikes. 
An  attack  of  rust  impairs  the  vitality  of  the  host  plant,  and  results  in 
smaller  flowers  and  shorter  spikes  than  the  normal.  In  severe  cases  the 
stems  and  branches  are  girdled,  causing  the  death  of  the  plant. 

History  and  Distribution. 

Snapdragon  rust  was  found  in  California  in  1895  (Blasdale,  1903) .  The 
causal  organism  was  described  in  1899  under  the  name  of  Puccinia  Antir- 
rhini  Diet,  and  Holw.  (Dietel,  1899).  In  1913  the  disease  was  found 
in  Illinois,  and  in  1914  it  was  found  in  Ohio  and  Indiana  (Rees,  1914). 
By  1915  the  rust  had  appeared  in  Wisconsin  and  Iowa  (Peltier,  1919). 
In  1915  the  writer  observed  the  disease  in  Maine,  New  Hampshire,  Massa- 
chusetts, Rhode  Island  and  Connecticut,  and  it  was  well  established  in 
New  England,  both  out  of  doors  and  under  glass.  In  this  year,  also,  it  was 
reported  from  Oregon  (BaUey,  1915).  In  1916  it  was  reported  from 
Guelph  and  Montreal,  Can.,  and  also  from  Alabama  (Peltier,  1919).  It 
was  found  in  Nebraska  in  1916-17,  and  is  now  known  to  occur  in  Missouri 
(Thurston,  1919).  Snapdragon  rust  is  evidently  generally  distributed 
over  the  United  States,  more  especially  in  the  northern  part. 

Symptoms. 

Snapdragon  rust  may  occur  on  plants  of  all  ages  from  cuttings  and 
seedlings  just  beginning  to  show  foliage  leaves  up  to  mature  blossoming 
pla.nts.  A  severely  attacked  snapdragon  has  a  most  dejected  appearance. 
The  leaves  hang  limp  and  wilted  as  if  the  plant  had  been  deprived  of  water, 
the  flowers  open  small  and  prematurely,  and  leaves  and  stems  bear  choc- 
olate-brown powdery  pustules  each  edged  by  a  yellowish  ring.  Leaf 
blades,  petioles,  stems  and  calyces  are  attacked.  Usually  the  lower  leaves 
of  the  plant  are  most  affected. 

In  the  early  stages  there  appear  on  the  under  side  of  the  leaves  swollen 
yellow  patches  just  inside  the  epidermis.  These  yeUow  patches  are  1  to  7 
mm.  in  diameter.  At  this  time  the  leaf  may  curl  slightly.  About  forty- 
eight  hours  after  these  yeUow  patches  first  appear  the  epidermis  is 
ruptured,  exposing  brown  powdery  masses  beneath.  These  browTi  spore 
masses,  the  uredinia,  have  been  described  as  being  usually  circularly 
grouped  (Clinton,  1915),  but  according  to  the  writer's  observation  this 
circular  grouping  is  not  an  especially  dependable  characteristic.  On  the 
upper  surface  of  the  affected  leaves  are  yellow  blotches,  corresponding  in 
position  to  the  uredinia  beneath.  The  spore  powder  in  the  uredinia  is  in 
an  agglutinate  condition  at  first,  but  after  a  few  days  it  becomes  dry  and 
dusty  and  is  easily  blown  about.  The  uredinia  are  not  sunken.  They 
are  confluent  with  age.  The  ring  of  ruptured  epidermis  surrounding  a 
uredinium  is  soon  concealed  by  this  brown  spore  powder. 
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Snapdragon  plant  attacked  by  Puccinia  Antirrhini. 
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The  uredinia  on  the  stem  are  much  elongated.  Here  the  ruptured  epi- 
dermis is  more  noticeable  than  on  the  leaves.  Uredinia  on  the  stem 
i  usually  occur  at  the  base  of  a  petiole,  or  at  the  crotch  of  two  branches, 
or  any  place  where  water  may  stand.  It  is  the  girdling  of  the  stem  by 
uredinia  which  causes  the  branch  or  plant  to  wilt  and  die.  It  is  not 
especially  common,  however,  for  snapdragon  rust  to  cause  the  death  of  the 
host  plant. 

The  telia  are  black,  not  brown.  They  are  leathery,  not  powdery,  and 
must  be  scraped  off  if  they  are  to  be  removed.  Telia  are  more  common  on 
stems  than  on  leaves,  but  are  not  numerous  anywhere.  They  are  slightly 
smaller  than  the  uredinia  and  are  usually  somewhat  sunken,  with  the 
ruptured  cuticle  projecting  above  them.  Teliospores  are  sometimes  borne 
in  the  same  sorus  with  the  urediniospores,  but  the  telia  may  be  distin- 
guished macroscopically  by  their  blacker  color  and  harder  consistency. 

In  the  greenhouse  the  disease  occurs  at  all  seasons  of  the  year,  but  is 
more  serious  and  conspicuous  during  April  and  May. 

Causal  Okganism. 
Morphology. 

Snapdragon  rust  is  caused  by  the  fungus  Puccinia  Antirrhini  Diet,  and 
Holw.  The  mycelium  of  the  fungus  occurs  chiefly  between  the  spongy 
parenchyma  cells  of  the  leaf  and  between  the  cortex  cells  of  the  stem. 
It  is  more  abundant  in  the  leaf  than  in  the  stem.  It  is  colorless,  septate 
frequently,  and  branches  profusely.  It  is  intercellular  and  provided  with 
haustoria  (Fig.  4,  Plate  2) .  The  haustoria  are  constricted  at  the  point  of 
entrance  to  the  cell.  Within  they  become  broader  and  vase-shaped,  or 
bear  short  knoblike  branches.  A  dilute  solution  of  eosin  makes  the 
haustoria  easily  visible.  A  cross  section  through  an  infected  leaf  reveals 
beneath  each  uredinium  a  stroma  of  interwoven  mycelium  (Figs.  1  and 
5,  Plate  2).  This  stroma  underlies  the  whole  sorus,  and  extends  in  a 
ring  around  its  edge.     From  this  stroma  the  spore-bearing  hyphse  arise. 

Two  types  of  spores  are  known  in  the  life  cycle  of  the  fungus,  viz., 
urediniospores  and  teliospores.  The  urediniospores  are  spherical  to 
elliptical.  They  are  22  to  30  microns  in  length  and  21  to  25  microns  in 
diameter.  They  are  borne  on  pedicels  of  varying  length  from  which  they 
become  detached  at  maturity.  The  urediniospores  are  yellowish  brown 
in  color.  Their  walls  are  provided  with  short  spines  and  have  two  or  three 
germ  pores.  The  teliospores  are  36  to  50  microns  in  length  and  17  to  26 
microns  in  diameter.  These  spores  vary  greatly  in  shape  (Fig.  2,  Plate  2). 
The  apex  may  be  sharply  pointed,  rounded  or  truncate ;  the  base  is  usually 
attenuated,  but  may  be  rounded  off  bluntly.  There  is  a  slight  constriction 
at  the  septum.  The  epispores  are  dark  brown  to  black,  and  the  wall  is 
smooth,  possessing  no  such  spines  as  occur  on  the  urediniospores.  Each 
of  the  two  cells  of  the  teliospore  is  provided  with  a  germ  tube  which  is 
apical  in  the  terminal  cell  and  occurs  just  below  the  septum  of  the  basal 
cell. 
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PLATE  II. 


Fig.  1.  — ■  Cross  section  of  telium  and  leaf. 
Fig.  2.  —  Teliospores. 

Fig.  3.  —  Germinating  urediniospore  on  leaf. 
Fig.  4.  —  Haustoria  and  intercellular  mycelium. 
Fig.  5.  —  Cross  section  of  uredinium  and  leaf. 
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Occurrence  of  Spore  Stages. 

Urediniospores  occur  at  all  times  on  the  diseased  snapdragons.  In  the 
greenhouse  these  are  normally  the  only  type  of  spores  produced.  Telio- 
spores  occur  only  rarely  in  New  England.  Many  infected  plants  bear  only 
urediniospores,  even  on  the  advent  of  killing  frosts.  Occasionally  telio- 
spores  may  be  found  outdoors  in  November,  occurring  more  often  on  the 
stems  than  on  the  leaves.  In  November  the  writer  placed  several  snap- 
dragons bearing  uredinia  in  wire  baskets  and  allowed  them  to  winter  over 
out  of  doors  in  this  way.  Examination  the  following  March  showed  only 
one  telium  on  all  the  material. 

In  the  greenhouse  there  is  no  lowering  of  temperature  to  stimulate  the 
formation  of  teliospores,  but  their  formation  is  stimulated  if  the  host  plant 
dries  out  very  slowly.  When  plants  were  suddenly  dried  out,  no  teliospores 
were  formed ;  but  when  plants  were  gradually  deprived  of  water,  teliospores 
were  formed  in  five  weeks.  Under  normal  conditions  of  culture  the 
teUospore  may  be  eliminated  as  a  factor  in  the  greenhouse.  No  greenhouse 
snapdragons  seen  by  the  writer  showed  teliospores  except  those  plants 
gradually  deprived  of  water,  as  above  mentioned. 

*  Spore  Germination  and  Infection  Experiments. 

The  first  attempts  made  to  germinate  urediniospores  were  not  uniformly 
successful.  As  it  proved  later,  this  was  because  the  room  temperature 
at  which  the  tests  were  made  was  above  the  maximum  temperature  for 
spore  germination.  The  method  by  which  the  minimum,  optimum  and 
maximum  temperatures  for  the  germination  of  these  spores  were  deter- 
mined is  here  described.  This  method  has  been  previously  described  by 
the  writer  (Doran,  1919). 

The  spores  to  be  used  were  removed  from  infected  leaves  by  a  stream  of 
water  from  a  pipette.  In  this  way  only  mature  spores  were  obtained, 
while  scraping  with  a  brush  or  wooden  instrument  would  also  detach 
young  and  immature  spores.  The  spores  were  shaken  in  distilled  water 
until  they  were  uniformly  distributed  through  it.  Drops  of  this  water 
containing  the  spores  were  then  placed  on  clean  slides,  and  the  latter 
were  placed  on  culture  plate  benches  in  moist  chambers.  These  were 
placed  in  biological  incubators  at  constant  temperatures.  About  twelve 
hours  later  the  germinated  and  ungerminated  spores  were  counted.  Most 
of  the  spores  which  germinated  did  so,  however,  in  five  to  eight  hours. 
Throughout  these  tests  it  was  noticeable  that  no  spores  in  the  interior 
of  the  drop  ever  germinated.  Only  those  spores  in  contact  with  the  air 
as  well  as  the  water  germinated,  so  spores  in  the  interior  of  the  drop  were 
not  counted  as  being  present.  The  distilled  water  used  was  not  aerated. 
This  aerotropism  was  not  further  investigated.  Throughout  the  tests  one 
lot  of  spores  was  always  run  at  10°  C.  The  percentage  of  germination  at 
10°  C.  was  taken  as  a  standard,  raised  to  100,  and  the  other  percentages 
at  the  different  temperatures  raised  proportionately.    This  was  done  in 
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order  to  bring  the  data  into  shape  for  plotting  a  constant  curve  of  tempera- 
ture and  germination. 

PLATE  III. 
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Curve  showing  temperature  limits  for  germination  of  urediniospores  of  Puccinia  Antirrhini. 

The  optimum  temperature  for  the  germination  of  the  urediniospores  of 
P.  Antirrhini  was  found  to  be  10°  C,  the  minimum,  5°  C,  and  the 
maximum,  20°  C.  When  the  data  are  plotted,  a  curve  is  obtained  that 
is  nearly  symmetrical.  A  most  striking  fact  is  that  if  the  temperature  is 
varied  2°  C.  above  or  below  the  optimum,  the  germination  falls  off  50  per 
cent.  In  the  following  table  each  relative  germination  is  the  mean  of 
five  experiments:  — 


Table  1.- — Relative  Germination  of  Urediniospores  of  P.  Antirrhini  Diet, 
and  Holw.,  compared  to  the  Germination  at  10°  C.  taken  as  100. 


5°C. 

6°C. 

7°C. 

8°C. 

9°C. 

10°  C. 

irc. 

12°  C. 

14°  C. 

15°  C. 

18°  C. 

20°  C. 

30°  C. 

0 
0 
1 

0 

1 
0 

0 
0 
4 
0 
4 
3 

27 
0 

7 

13 
35 

37 

4 

21 

50 
30 
50 
12 
30 

100 
100 
100 
100 
100 
100 

42 
9 

14 
72 

21 
15 
32 
16 

0 

12 
0 

42 
2 

22 

17.5 
13 

0 

6 

1 

2.5 

0 

0 

1.5 

1 

0.5 

0 

1 
1 
0 
0 
0 

0 
0 
0 
0 
0 
0 

0.3 
1 

1.8 

11.3 

22 

34.4 

100 

34.2 

21 

13 

7.5 

.75 

0.2 

0 

Conditions  affecting  Longevity  of  Urediniospores. 
The  spores  used  in  the  previously  described  germination  tests  were  taken 
fresh  from  growing  plants.     It  was  noticeable  that  their  viability  grad- 
ually diminished  if  the  leaves  dried  out  long  in  the  room.    To  determine 
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the  longevity  of  urediniospores,  rusted  shoots  were  removed  from  the 
plants  and  placed  at  temperatures  of  0°  C,  10°  C.  and  22°  C.  Half  of  this 
material  at  each  temperature  was  allowed  to  dry  in  open  containers,  and 
I  half  of  it  was  kept  in  closed  chambers  to  prevent  its  drying  out.  Spores 
were  removed  every  seven  days  and  placed  at  their  optimum  temperature 
for  germination,  with  the  results  shown  in  Table  2. 

Table  2. — Effect  of  Temperature  and  Drying  on  the  Longevity  of  the 
Urediniospores  of  P.  Antirrhini. 

Percentage  of  germination  of  urediniospores. 


Storage  Period 
(Days). 

Storage  Temperature. 

DRY. 

MOIST. 

0°C. 

10°  c. 

22°  C. 

0°C. 

10°  c. 

22°  C. 

7, 

55 

50 

40 

52 

52 

50 

14, 

35 

25 

28 

35 

20 

25 

21, 

20 

20 

15 

18 

12 

20 

28, 

12 

15 

12 

18 

15 

15 

35, 

1 

2 

3 

10 

6 

5 

42, 

0 

0 

0.5 

3 

2 

2 

49, 

0 

0 

0 

1 

1 

0 

56, 

0 

0 

0 

0 

0 

0 

When  this  experiment  was  begun,  60  per  cent  of  the  spores  germinated. 
Some  of  the  spores  in  moist  air  retained  the  power  of  germination  forty- 
nine  days,  and  in  dry  air,  forty-two  days.  Some  of  the  spores  at  0°  C.  and 
at  10°  C.  retained  the  power  of  germination  forty-nine  days.  It  is  evident 
that  exposure  to  freezing  temperature  does  not  shorten  the  life  of  uredinio- 
spores. In  Massachusetts  the  snapdragon  remains  green  and  lives  through 
mild  winters  with  no  protection,  and  lives  through  harder  winters  if 
protected  by  a  mulch.  In  January  the  writer  obtained  urediniospores 
from  green  plants  growing  outdoors  in  Massachusetts.  These  uredinio- 
spores germinated  readily  when  placed  at  the  optimum  temperature  for 
germination,  but  after  these  plants  had  been  dried  three  weeks  at  room 
temperature  the  spores  no  longer  germinated.  Temperature  is  of  less 
importance  than  drying  in  shortening  the  life  of  urediniospores. 

To  determine  the  effect  of  temperature  on  infection,  twelve  plants  were 
sprayed  with  fresh  spores  distributed  in  distilled  water.  Four  of  these 
plants  were  placed  at  a  temperature  of  10°  C,  four  at  15°  C.  and  four  at 
18°  C.  The  plants  used  were  of  a  susceptible  variety,  Carter's  Pink,  but 
they  were  free  from  disease  when  selected,  and  from  a  disease-free  bench. 
The  plants  remained  in  the  above-mentioned  temperatures  twelve  hours, 
after  which  they  were  all  placed  in  the  greenhouse  at  the  same  temperature. 
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Seven  days  later  the  stromata  were  visible.  Ten  days  after  inoculation 
the  uredinia  began  to  appear.  One  week  later  the  number  of  sori  on  the 
plants  was  counted,  with  the  results  shown  in  Table  3. 

Table  3.  —  Effect  of  Temperature  on  the  Infective  Power  of  the  Uredinio- 
spores  of  P.  Antirrhini. 


Tempehatuee  at  which 
Plants  were  inoculated. 

NUMBEB    OF   SORI  PeR   PlANT. 

Mean  In- 
fection 
in  Relative 
Numbers. 

Plant  A. 

Plant  B. 

Plant  C. 

Plant  D. 

10°  C,          .        . 

15°  C. 

18°  C. 

240 
9 
5 

265 
6 
3 

210 
15 

7 

180 

20 

9 

100.0 
7.6 
3.5 

It  is  thus  seen  that  raising  the  temperature  5°  to  8°  C.  above  the 
optimum  for  germination  of  the  urediniospores  causes  the  amount  of 
infection  to  fall  off  more  than  90  per  cent. 

As  a  further  test  of  the  effect  of  temperature  on  infection  of  snapdragon 
by  P.  Antirrhini,  plants  of  a  susceptible  variety  were  inoculated  in  two 
different  greenhouses,  having  a  night  temperature  of  10°  C.  in  one  case, 
and  15°  C.  in  the  other.  Fifteen  days  after  inoculation  the  plants  in  the 
greenhouse  at  15°  C.  bore  an  average  number  of  twelve  uredinia,  and  the 
plants  in  the  greenhouse  at  10°  C.  bore  an  average  number  of  one  hundred 
and  twenty  uredinia. 

As  indicated  by  the  results  with  P.  Antirrhini,  the  rusts  are  able  to  ger- 
minate best  at  rather  low  temperatures.  A  consideration  of  the  literature 
also  supports  this  view.  Erikson  (1895)  discovered  that  low  temperatures 
are  suitable  to  the  germination  of  rust  spores.  He  found  that  the  spores 
of  ^cidium  Berberidis  germinate  best  when  cooled  for  seven  hours  to 
3°  C,  and  that  the  spores  of  Peridermium  strohi  germinate  best  when  cooled 
for  twenty-four  hours  to  6.5°  C.  He  found  the  optimum  temperature  for 
the  germination  of  the  spores  of  Uredo  glumarum  to  be  4.5°  C,  and  that  the 
spores  of  Uredo  coronata  germinate  best  after  being  cooled  for  sixteen 
hours  to  a  temperature  of  — 10°  C.  In  the  last  case  it  seems  probable 
that  he  went  below  the  optimum  temperature,  and  that  the  spores 
germinated  when  the  temperature  again  rose  to  the  optimum. 

HoweU  (1890)  found  that  the  urediniospores  of  Uromyces  TrifoUi  (Alb. 
and  Schw.)  Wint.  germinate  best  between  11°  and  16°  C.  They  do  not 
germinate  below  7°  C.  nor  above  21°  to  25°  C.  If  the  minimum,  optimum 
and  maximum  temperatures  for  germination  of  U.  TrifoUi  are  taken  as 
7°  C,  11°  C.  and  21°  C,  respectively,  this  fungus  has  about  the  same 
temperature-germination  relation  as  has  P.  Antirrhini,  the  minimum, 
optimum  and  maximum  temperatures  for  germination  of  urediniospores  of 
P.  Antirrhini  having  been  found  by  the  writer  to  be  5°  C,  10°  C.  and 
20°  C,  respectively. 
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Experiments  on  Germination  of  Teliospores. 

Numerous  attempts  to  germinate  teliospores  were  made  with  fresb 
material,  dried  material,  teliospores  produced  under  glass,  teliospores 
produced  outside,  and  teliospores  wintered  over  outside.  These  germina- 
tion tests  were  made  at  7°  C,  10°  C,  12°  C.  and  20°  C,  but  in  no  case  did 
the  teliospores  germinate.  These  spores  had  formed  in  response  to  the 
definite  stimulus  of  cold  or  drying.  They  do  not  germinate  when  first 
formed;  they  are  spores  of  regeneration,  and  they  may  be  considered  as 
requiring  a  rest  period,  like  other  spores  which  function  to  carry  fungi 
through  adverse  conditions.  But  these  teliospores  do  not  germinate  after 
the  rest  period,  that  is,  after  passing  the  winter  out  of  doors,  when  sub- 
jected to  the  range  of  temperature  in  which  their  host  normally  grows. 
It  is  not  unlikely  that  they  are  killed  by  the  cold,  not  being  able  to  with- 
stand the  rigors  of  the  winters  to  which  their  host  has  been  carried. 

Peltier  {loc.  cit.)  reports  that  all  efforts  to  germinate  the  teliospores 
failed. 

The  fact  that  teliospores  do  not  germinate  may  be  explained  in  another 
way.  The  temperature-germination  curve  for  urediniospores  is  very 
sharp;  and  if  tehospores  have  an  even  narrower  range  of  temperature 
through  which  they  can  germinate,  it  is  possible  that  the  right  tempera- 
ture for  germination  has  not  yet  been  hit  upon,  since  a  variation  a  few 
degrees  above  or  below  the  optimum  temperature  would  result  in  no 
germination. 

According  to  our  present  knowledge  the  teliospores  are  not  only  rare,, 
but  they  do  not  germinate.  This  being  the  case,  the  possibility  of  an. 
alternate  host  is  eliminated.  But  no  alternate  host  is  necessary  for  a. 
rust  fungus  which  passes  the  winter  under  glass.  The  chrysanthemum 
rust  fungus  (P.  Chrysanthenii  Roze.)  in  America  dispenses  with  both  an 
alternate  host  and  teliospores  (Atkinson,  1890).  Yet  this  rust  occurs  both 
in  the  greenhouse  and  out  of  doors,  and  persists  from  year  to  year.  P. 
Chrysanthemi  also  is  independent  of  the  other  rusts  found  on  nearly  related 
Compositae,  just  SisP.Antirrhini  is  not  a  parasiteon  other Scrophulariaceous 
plants,  such  as  Linaria  (see  below,  experiments  with  Linaria) .  Carnation 
rust,  Uromyces  Caryophyllinus  (Schrank)  Wint.  has  an  alternate  host,. 
Euphorbia  g.erardiana,  in  Europe  (Fischer,  1910),  but  it  has  not  been 
found  on  an  alternate  host  in  this  country.  If  the  teliospores  of  P. 
Antirrhini  ever  were  functional  they  seem  now  to  be  useless.  The  uredinio- 
spores of  this  fungus  are  sufficient  to  propagate  it  through  the  year,  as  long 
as  greenhouses  in  the  vicinity  shelter  the  host  plant  during  the  winter. 
The  urediniospore  is  a  spore  of  dissemination.  Spores  of  regeneration, 
such  as  tehospores,  are  not  a  necessity  for  a  fungus  the  host  of  which 
occurs  both  under  glass  and  out  of  doors. 

The  original  host  of  P.  Antirrhini  is  not  known.  Blasdale  {loc.  cit.) 
concluded  that  either  snapdragon  rust  originated  on  the  wild  form  of 
Antirrhinum  {A.  vagans),  or  its  original  host  plant  was  not  a  member  of 
the  Scrophulariacese.    Peltier   (loc.   cit.)   made  cross  inoculations  with. 
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several  species  of  Antirrhinum  and  with  several  species  of  Linaria,  including 
Linaria  vulgaris  Mill.  He  obtained  no  infection  on  any  species  of  Linaria. 
The  only  species  of  Antirrhinum  except  the  cultivated  snapdragon  (A. 
mo  jus)  upon  which  he  obtained  infection  was  A.  maurandioides  Gray,  in 
which  case  a  few  urediniospores  were  produced. 

The  writer  made  several  attempts  to  infect  Linaria  vulgaris  Mill,  and 
L.  Cymhalaria  (L)  Mill,  by  spraying  the  plants  with  water  containing  the 
urediniospores  and  placing  them  at  the  optimum  temperature  for  their 
germination  (10°  C).  There  was  no  infection  whatever,  although  check 
plants  of  snapdragon  similarly  treated  became  badly  rusted.  It  is  unlikely 
that  the  rust  occurs,  at  least  in  New  England,  on  any  other  host  plant 
than  the  cultivated  snapdragon. 

Dissemination. 

Many  growers  take  their  cuttings  at  a  time  when  snapdragon  rust  is  at 
its  height  in  the  greenhouse,  which  is  in  March,  April  and  May.  There  are 
various  opinions  as  to  the  relative  merits  of  raising  plants  from  seeds  and 
from  cuttings,  but  plants  raised  from  cuttings  come  true  to  color,  and  in  the 
effort  to  preserve  a  good  variety  some  growers  take  rust-free  cuttings 
from  a  bench  showing  rust,  or  they  take  cuttings  bearing  spore  pustules. 
Some  growers  have  thought  that  if  the  cuttings  show  no  spore  pustules 
they  are  safe  to  use,  even  though  they  come  from  a  bench  of  infected 
plants.  The  writer  propagated  plants  by  cuttings  which  bore  uredinia 
and  by  cuttings  which  bore  no  uredinia,  although  taken  from  an  infected 
bench.  After  three  weeks  all  of  the  cuttings  which  bore  uredinia  were 
badly  rusted,  and  35  per  cent  of  the  cuttings  which  when  made  were 
apparently  free  from  disease,  although  taken  from  an  infected  bench, 
showed  the  disease.  It  is  evident,  then,  that  cuttings  bearing  spore 
pustules  may  be  expected  to  develop  into  rusted  plants,  and  that  cuttings 
free  from  spore  pustules,  if  taken  from  a  bench  of  infected  plants,  serve 
to  aid  very  materially  in  the  dissemination  of  the  fungus.  Microscopic 
examination  of  the  leaf  surfaces  of  these  apparently  healthy  cuttings 
revealed  numerous  urediniospores  which  had  fallen  there  or  had  been 
carried  there  from  diseased  plants.  These  spores  need  only  the  favorable 
environment  of  the  cutting  bench  to  cause  them  to  germinate  and  infect 
the  young  plants,  and  it  is  therefore  usually  inadvisable  to  take  cuttings 
from  a  house  showing  rust.  Both  Peltier  (loc.  cit.)  and  Stone  (1917) 
consider  cuttings  as  being  among  the  principal  means  of  dissemination. 

Proof  of  the  importance  of  greenhouse  insects  in  the  spread  of  snap- 
dragon rust  is  not  lacking.  Three  insects  often  found  on  snapdragon  are 
the  white  fly  {Aleyrodes  vaporariorum  West),  the  red  spider  {Tetranychus 
bimaculatus  Harvey)  and  the  common  aphid  (Aphis  gossypii).  With  a 
binocular  microscope  the  writer  examined  these  insects  on  snapdragon 
foliage.  They  were  on  healthy  plants,  but  there  were  rusted  plants  in 
the  same  bench.  On  the  bodies  of  most  of  the  insects  examined  were  the 
urediniospores  of  P.  Antirrhini. 
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The  third  agency  by  which  the  fungus  is  disseminated  is  watering.  Car- 
nation growers  in  watering  make  an  effort  not  to  wet  the  fohage  any 
more  than  is  necessary,  usually  employing  a  stiff  piece  of  hose  or  pipe 
which  enables  them  to  get  water  into  the  middle  of  the  bench  without 
wetting  the  plants  above.  To  this  simple  practice  is  due  in  part  the 
decHne  in  importance  of  carnation  rust.  The  writer  selected  twenty 
snapdragon  plants  of  the  same  variety,  all  showing  uredinia  in  approxi- 
mately equal  numbers.  Ten  of  these  plants  were  watered  only  on  the 
soil,  no  water  touching  the  foliage.  The  other  ten  were  treated  the 
same,  except  that  their  foliage  was  kept  wet.  After  three  weeks  the 
plants  with  wetted  foliage  showed  200  per  cent  more  uredinia  than  they 
had  at  the  beginning,  while  the  plants  whose  foliage  had  been  kept  dry 
showed  no  increase  in  the  number  of  uredinia.  Water  is  necessary  for  the 
germination  of  the  spores  and  for  infection.  A  carelessly  directed  stream 
from  a  hose  loosens  spores  from  pustules,  carries  them  to  other  plants, 
and  provides  them  with  the  necessary  moisture  for  their  germination. 

Pathological  Anatomy. 

The  upper  epidermis  of  the  leaf  and  the  palisade  cells  are  only  rarely 
affected  by  this  disease.  Occasionally  a  few  palisade  cells  are  forced 
apart  by  hyphae.  The  spongy  parenchyma  cells  are  principally  affected. 
The  parenchjnna  cells  in  the  immediate  vicinity  of  a  sorus  do  not  attain 
their  normal  size.  Strands  of  hyphse  force  them  apart  and  sometimes 
cause  them  to  grow  into  abnormal  forms.  The  chloroplasts  fade  slightly, 
but  the  yellow  appearance  of  the  area  surrounding  a  sorus  is  due  mostly 
to  the  presence  of  a  stroma  of  mycehum.  After  the  intercellular  my- 
celium has  become  well  established  it  develops  this  firm  stroma  in  contact 
with  the  lower  epidermis,  and  often  includes  scattered  spongy  parenchyma 
cells  (see  Fig.  5,  Plate  2).  This  growing  stroma  and  the  rising  pedicels 
of  the  urediniospores  finally  rupture  the  epidermis.  The  contents  of  cells 
containing  haustoria  do  not  degenerate  unless  the  whole  leaf  becomes 
involved.  Attacked  cells  do  not  swell,  and  any  hypertrophy  on  the 
leaf  is  due  to  the  development  of  stromata.  Leaf  cells  of  snapdragon 
which  are  normally  pink  lose  this  pigment  when  attacked  by  the  fungus. 
When  the  sori  occur  on  the  stem  the  epidermis  is  ruptured,  the  cortical 
cells  are  forced  apart,  and  in  some  cases  the  mycelium  may  be  found 
between  the  cells  of  the  fibro-vascular  bundles.  Ordinarily,  however, 
cells  as  far  in  as  the  phloem  are  not  attacked.  The  chloroplasts  fade 
even  less  in  the  stem  than  in  the  leaves.  The  cells  of  the  cortex  do  not 
attain  their  normal  size.  Epidermal  cells  appear  unchanged,  though 
raised  as  a  membrane  above  a  sorus.  Mycelium  in  both  leaf  and  stem 
is  local. 
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Vahietal  Susceptibility. 


1 


The  list  of  commercially  grown  varieties  of  snapdragon,  such  as,  for 
example,  Nelrose,  Silver  Pink,  Phelp's  White  and  Keystone,  is  not  large. 
But  there  is  a  large  number  of  varieties  listed  and  grown  outdoors.  Since 
there  seemed  to  be  but  little  information  available  as  to  which  varieties 
are  resistant  and  which  susceptible,  the  writer  tested  forty-six  varieties. 
The  plants  were  grown  from  seed,  and  when  the  potted  plants  had  reached 
a  height  of  6  inches  they  were  inoculated  by  being  sprayed  with  water 
in  which  urediniospores  had  been  distributed,  and  placed  under  bell  jars 
at  10°  C.  Each  variety  tested  was  represented  by  twelve  to  twenty 
individuals. 

Two  weeks  after  the  date  of  inoculation  the  plants  were  examined 
and  the  number  of  rust  pustules  and  infected  leaves  were  counted.  The 
plants  were  examined  at  weekly  intervals  for  the  next  five  weeks,  and 
observations  recorded  as  to  the  number  of  rust  pustules  and  infected 
leaves.  In  the  following  table  the  varieties  are  grouped  according  to 
color,  and  under  each  color  the  most  resistant  varieties  are  named  first, 
and  the  most  susceptible  varieties  are  named  last,  the  intermediate 
varieties  being  so  arranged  that  any  variety  is  more  resistant  than  those 
which  follow  it.  Varieties  equally  resistant  or  susceptible  are  connected 
with  brackets.  By  means  of  the  relative  numbers  in  the  table  it  is  possible 
to  compare  varieties  of  different  colors  as  regards  resistance. 

Unfortunately,  the  most  valuable  commercial  varieties,  such  as  Nelrose 
and  Silver  Pink,  are  very  susceptible  to  the  rust. 

The  following  table  is  perhaps  not  of  great  value  to  florists,  since  they 
must  grow  the  varieties  most  in  demand.  But  this  table  of  relative- 
susceptibility  could  be  used  as  a  basis  in  breeding  resistant  varieties, 
and  by  its  use  the  amateur  grower  of  snapdragons  can  avoid  the  more 
susceptible  varieties,  and  still  have  a  satisfactory  garden  of  snapdragons. 


RUST    OF   ANTIRRHINUM. 


51 


Table  4. — Relative  Susceptibility  of  Antirrhinum  Varieties  to  P.  A 

ntirrhivi. 

Scale, 

Scale, 

Varieties. 

Relative 

Varieties. 

Relative 

Numbers. 

Numbers. 

White. 

Variegated  or  Mixed  Colors. 

Queen  of  the  North, 

0 

Striped  Variety,    .... 

0 

Pure  White,  . 

0 

Bronze  Queen, 

72 

Giant  White, 

0 

{  Niabe, 

93 

Phelp's  White,       . 

0 

i 

[  Fairy  Queen, 

93 

Queen  Victoria,     . 

0 

Carter's  Gold  Crest,      . 

100 

Mont  Blanc, 

0 

Red. 

Yellow. 

{  Crimson 

0 

Giant  Yellow,       .        .        . 

0 

Giant  Blood  Red, 

0 

Hephaetos, 

9 

Fire  Brand,   . 

0 

Dwarf  Golden  Queen,  .         .         .            100 

Scarlet, 

9 

Sulphur  Yellow,    .... 

100 

Giant  Scarlet, 
f  Dwarf  Defiance,    . 

16 
23 

Pink. 

(  Giant  Garnet, 

23 

'  Rose  Dore, 

0 

Bridesmaid,  . 

Dark  Scarlet, 

37 

0 

Half  Dwarf  Firebrand, 

44 

Giant  Rose  Pink, 

23 

Carter's  Butterfly, 

51 

Rosy  Morn,  . 

30 

Orange  King, 

58 

f  NeLrose, 

51 

Black  Prince, 

58 

1.  Silver  Pink,  . 

51 

Deep  Crimson, 

79 

Dwarf  Daphne,     . 

65 

Coral  Red,     .... 

86 

fRose,      . 

86 

Ruby 

100 

[  Giant  Pink,  . 

86 

Fiery  Belt,     . 

100 

Dwarf  Rose  Queen, 

93 

Crimson  Queen  Victoria, 

100 

Carter's  Pink, 

100 

Delicate  Rose, 

100 

Venus,   . 

100 

1 

Chamois, 

100 

Cause  of  Resistance. 
Resistance  of  plants  to  disease  has  been  explained  in  two  general  ways : 
(1)  Resistance  may  be  regarded  as  being  related  to  certain  morphological 
characteristics.  Cobb  (1892)  considered  resistance  to  fungous  disease  as 
being  due  to  small  stomata,  waxy  coating,  and  thick  cuticle  on  the  host. 
Freeman  (1911)  found  that  increase  in  bloom  on  barley  leaves  made 
the  plants  more  resistant  to  rust.  Valleau  (1915)  studied  resistance 
of  plums  to  brown  rot.  and  considered  resistance  to  be  due  to  the  pro- 
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duction  of  parenchymatous  plugs  which  fill  the  stomatal  cavity,  and  to 
lenticels  composed  of  cork  cells  through  which  the  hyphse  cannot  pene- 
trate. (2)  On  the  other  hand,  the  resistance  of  plants  to  disease  has 
often  been  regarded  as  due  not  to  morphological  characteristics,  but 
rather  to  physiological  or  chemical  factors.  Myoshi  (1895)  concluded 
that  many  fungi  respond  to  chemical  attraction.  According  to  Massee 
(1904)  infection  depends  on  the  presence  of  positive  chemotactic  sub- 
stances in  the  plant  cell.  Klebahn  (1896)  concludes  that  infection  is 
a  kind  of  conflict  between  host  and  parasite.  Bolley  (1908)  attributed 
resistance  to  chemical  agents,  such  as  toxins,  which  arise  as  a  result  of  the 
fungous  attack  upon  the  host.  These  few  citations  from  the  extensive 
literature  on  this  subject  illustrate  two  views  as  to  the  resistance  of  plants 
to  disease. 

The  work  done  by  the  writer  indicates  that  the  resistance  of  some 
varieties  of  snapdragons  to  rust  is  due  to  morphological  characteristics 
rather  than  to  physiological  differences.  The  relative  susceptibility 
of  forty-six  varieties  of  snapdragon  to  rust  has  already  been  given.  The 
inoculated  plants  developed  uredinia,  some  in  large  numbers  and  some 
in  small  numbers.  But  on  both  resistant  and  susceptible  plants  the 
sori  were  developed  in  the  same  length  of  time,  and  there  was  no  apparent 
difference  in  the  vigor  of  the  sori  after  they  had  once  broken  through 
the  epidermis.  This  seems  to  the  writer  to  indicate  that  the  difference 
in  susceptibility  is  not  due  to  chemical  factors  within  the  host  ceUs, 
but  rather  to  mechanical  factors  preventing  infection.  The  most  sus- 
ceptible plant  is  the  one  infected  in  the  most  places,  that  is,  the  one  into 
which  the  most  germ  tubes  enter. 

Infection  of  snapdragons  hjP.Antirrhini  is  always  through  the  stomata. 
The  writer  sprayed  urediniospores  on  the  living  leaves,  and  eight  hours 
later  examined  the  leaf  surfaces  microscopically.  This  was  done  re- 
peatedly, but  at  no  time  was  infection  seen  to  occur  anyivhere  except 
through  the  stomata.  The  plants  used  were  kept  in  both  light  and 
darkness,  with  stomata  both  open  and  closed.  The  germ  tubes  were 
protruded,  wandered  about  slightly,  and  then  bent  into  the  nearest  stoma, 
or,  if  the  water  on  the  leaf  dried  too  soon,  they  shriveled  up  and  never 
reached  a  stoma.  But  no  germ  tubes  were  found  which  had  penetrated 
or  were  penetrating  the  walls  of  the  epidermal  cells. 

The  mycelium  within  the  leaf  and  stem  is  local;  therefore  the  number 
of  sori  on  a  leaf  or  stem  depends  on  the  number  of  infections,  and,  since 
infection  is  only  through  the  stomata,  it  was  interesting  to  determine 
the  connection  between  the  number  of  uredinia  (the  index  of  relative 
susceptibility)  and  the  number  of  stomata. 

Leaves  were  taken  from  three-months-old  snapdragons  of  susceptible 
and  resistant  varieties.  The  number  of  stomata  on  the  upper  epidermis 
per  unit  area  of  leaf  was  determined.  In  each  case  ten  countings  go  to 
make  up  the  average  given  for  each  variety.  Ten  susceptible  and  ten 
resistant  varieties  were  used.  The  result  of  these  counts  is  given  in 
the  following  table :  — 
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Table  5.  —  Average  Number  of  Stomata  per  Unit  Area  of  Leaf. 


Susceptible  Varieties. 

Resistant  Varieties. 

3.1 

1.5 

4.1 

1.5 

3.0 

2.0 

2.0 

1.0 

8.0 

1.3 

3.3 

1.6 

3.0 

1.1 

2.8 

1.7 

5.0 

1.1 

3.2 

1.8 

The  averages  of  these  figures  show  that  there  are  3.25  stomata  on  the 
susceptible  varieties  to  1.46  stomata  on  the  resistant  varieties.  Or, 
stated  differently,  the  resistant  varieties  have  only  45  per  cent  as  many 
stomata  as  the  susceptible  varieties.  The  susceptible  varieties  showed 
approximately  200  per  cent  as  many  uredinia  as  the  resistant  varieties. 
This  would  indicate  that  in  the  snapdragon  susceptibility  is  directly 
proportional  to  the  number  of  stomata;  that  is,  doubling  the  number  of 
stomata  doubles  the  number  of  uredinia  or  the  amount  of  infection. 
Such  a  relation  is,  of  course,  relative  rather  than  absolute. 

It  may  be  added  that  the  stomata  on  resistant  and  susceptible  varieties 
are  present  in  the  same  numerical  relation  if  both  upper  and  lower  epider- 
mis are  considered.  The  figures  in  Table  5  are  for  the  upper  epidermis 
only,  because,  owing  to  the  fact  that  but  little  water  chngs  to  the  lower 
epidermis,  infection  is  mostly  through  the  upper  epidermis. 

The  stoma  is  the  gateway  through  which  the  fungus  enters.  The 
fewer  stomata  there  are,  the  fewer  infections  there  will  be,  and  the  plant 
will  appear  correspondingly  resistant. 


Control. 

Laboratory  Toxicity  Tests  with  Copper  Fungicides. 
In  all  the  toxicological  experiments  here  described  the  general  method 
used  was  that  of  Reddick  and  Wallace  (1910).  The  fungicides  used  in 
these  toxicity  tests  were  prepared  by  Dr.  O.  R.  Butler  of  the  New  Hamp- 
shire Agricultural  Experiment  Station.  Glass  slides  were  cleaned  in 
potassium  bichromate  cleaning  solution,  rinsed  in  distilled  water  and 
dried  between  filter  papers.  The  solution,  the  toxicity  of  which  was  to 
be  tested,  was  sprayed  on  the  slide  by  means  of  an  atomizer,  and  the 
slides   were   then   dried   for   twenty-four   hours.     Fresh   urediniospores 


54 


MASS.   EXPERIMENT    STATION    BULLETIN   202. 


were  removed  from  living  leaves  by  means  of  a  stream  of  water  from  a 
pipette.  These  spores  were  shaken  up  in  distilled  water,  drops  of  which 
were  then  placed  on  the  sprayed  and  dried  slides,  and  also  on  other  un- 
sprayed  slides  used  as  checks.  This  gives  conditions  similar  to  those 
the  spores  meet  on  sprayed  and  unsprayed  leaves.  The  slides  bearing 
the  spores  were  then  placed  on  culture  plate  benches  in  moist  chambers, 
and  these  were  placed  at  10°  C,  the  optimum  temperature  for  the  germi- 
nation of  urediniospores  of  P.  Antirrhini.  Here  they  remained  for  at 
least  twelve  hours,  when  the  drops  were  examined  microscopically,  the 
spores  counted,  and  the  percentages  of  spores  germinating  determined. 
If  there  was  no  germination  on  the  check  (unsprayed)  slides  the  results 
on  the  sprayed  slides  were  of  course  discarded.  At  least  three  tests 
were  made  with  each  strength  of  solution.  Only  dilutions  near  the 
limit  of  toxicity  are  given  in  the  tables,  although  stronger  and  weaker 
solutions  were  also  used. 

Copper  sulfate  was  tested  in  dilutions  ranging  from  .0039  to  .25  per 
cent  copper.  The  toxicity  of  copper  sulfate  is  shown  in  the  following 
table :  — 

Table  6.  —  Effect  of  Various  Strengths  of  Copper  Sulfate  on  the  Germi- 
nation of  Urediniospores  of  P.  Antirrhini. 


Feb  Cent  Copper. 


Germination 

relative 
to  Check,  100. 


Remarks. 


0.25, 

0.125, 

0.0625, 

0.0312, 

0.0159, 

0.0079, 

0.0039, 


Mean  of  three  experiments. 
Mean  of  three  experiments. 
Mean  of  three  experiments. 
Mean  of  three  experiments. 
Mean  of  three  experiments. 
Mean  of  three  experiments. 
Mean  of  three  experiments. 


It  is  thus  seen  that  copper  sulfate  prevents  germination  of  the  uredin- 
iospores of  P.  Antirrhini  at  a  strength  of  solution  of  0.25  per  cent  copper. 
Melhus  (1915)  found  copper  sulfate  toxic  to  the  spores  of  Phytophthora 
infestans  (Mont.)  DeBary  when  the  solution  contained  .0157  per  cent 
copper.  The  indications  are  that  the  Uredinales  are  much  more  resistant 
to  copper  than  are  the  Phycomycetes. 

To  determine  the  toxicity  of  copper  sulfate  to  foliage  of  snapdragon, 
plants  were  sprayed  with  copper  sulfate  solutions  containing  from  0.25 
to  .0312  per  cent  copper.  The  sprayed  plants  were  then  dried  slowly; 
that  is,  they  were  allowed  to  remain  six  hours  in  a  moist  chamber  after 
spraying.     The  results  are  given  in  the  following  table :  — 
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Table  7.  —  Toxicity  of  CopjJer  Sulfate  Spray  to  the  Foliage  of  Snapdragon. 


Per  Cent  Copper. 


Injury  to  Foliage. 


0.25, 
0.125, 
0.0625, 
0.0312, 

[ 


Markedly  injured. 
Markedly  injured. 
Slightly  injured. 
No  injury. 


It  is  evident  from  this  that  a  copper  sulfate  solution  which  will  prevent 
germination  of  urediniospores,  a  solution  which  must  contain  at  least 
0.25  per  cent  copper,  is  toxic  to  the  foliage  of  the  host.  Copper  sulfate 
therefore  cannot  be  used  as  a  control  for  snapdragon  rust. 

Cuprammonium  sulfate  (Eau  celeste),  CUSO4.4NH3.H.2O,  was  the 
next  fungicide  tested.  On  drying,  this  gives  rise  to  basic  copper  sul- 
fate which  on  further  weathering  passes  to  copper  sulfate.  In  these 
toxicity  tests  it  was  used  in  strengths  of  solution  containing  from  0.008 
per  cent  to  0.5  per  cent  copper  sulfate,  with  results  shown  in  Table  8. 

Table  8.  — ■  Effect  of  Various  Strengths  of  Cuprammonium  Sulfate  on  the 
Germination  of  Urediniospores  of  P.  Antirrhini. 


Per  Cent  Copper. 

Germination 
relative  to 
Cheek,  100. 

Remarks. 

0.1300 

0.0650 

0.0325 '.         . 

0.0162 

0.008 

0 
0 

4 
22 
45 

Mean  of  three  experiments. 
Mean  of  three  experiments. 
Mean  of  three  experiments. 
Mean  of  three  experiments. 
Mean  of  three  experiments. 
1 

As  here  shown,  a  solution  of  cuprammonium  sulfate  containing  0.065 
per  cent  copper  prevents  germination  of  urediniospores  of  P.  Antirrhini. 

The  toxicity  of  this  solution  to  the  foliage  of  snapdragon  was  tested 
as  in  the  case  of  copper  sulfate.  Solutions  containing  0.25  or  0.125 
per  cent  copper  injured  the  foliage  markedly,  and  a  solution  containing 
0.065  per  cent  copper  produced  some  injury.  Cuprammonium  sulfate 
at  the  strength  toxic  to  the  fungus  is  injurious  to  the  host  plant,  and 
cannot  therefore  be  used. 

Other  copper  salts  were  not  tested,  for  Melhus  {loc.  cit.)  has  found 
cupric  sulfate  (CUSO4.5H2O),  cupric  nitrate  (Cu(N03)2.3H.20),  cupric 
acetate  (Cu(C2H309)2.H20)  and  cupric  chloride  (CUCI2.2H2O)  to  be 
about  equally  toxic  if  they  contain  the  same  amounts  of  the  toxic  principle, 
—  copper. 
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Hammond's  Copper  Solution,  a  commercial  preparation  which  has 
been  used  by  florists  in  attempts  to  control  greenhouse  rusts,  was  next 
tested.  The  stock  solution  as  purchased  was  analyzed  by  Mr.  T.  O.  Smith, 
assistant  chemist  at  the  New  Hampshire  Agricultural  Experiment  Sta- 
tion, and  found  to  contain  0.018  gms.  copper  in  1  c.c.  of  solution.  The 
manufacturers  recommended  that  it  be  applied  at  the  rate  of  1  quart 
of  the  stock  solution  to  25  gallons  of  water,  that  is,  a  solution  containing 
0.018  per  cent  copper.    The  results  of  the  tests  are  given  in  Table  9. 


Table  9.  —  Effect  of  Various  Strengths  of  Hammond's  Copper  Solution  on 
the  Germination  of  the  Urediniospores  of  P.  Antirrhini. 


Peb  Cent  Coppeb. 


Germination 
relative  to 
Check,  100. 


Remarks. 


0.18, 

0.144, 

0.12, 

0.072, 

0.036, 

0.014, 

0.018, 

V 


Mean  of  three  experiments. 
Mean  of  three  experiments. 
Mean  of  three  experiments. 
Mean  of  three  experiments. 
Mean  of  three  experiments. 
Mean  of  three  experiments. 
Mean  of  three  experiments. 


It  is  evident  that  Hammond's  Copper  Solution,  even  when  used  at 
ten  times  the  recommended  strength,  does  not  prevent  germination  of 
urediniospores  of  P.  Antirrhini.  In  connection  with  this  work  the  action 
of  Hammond's  Copper  Solution  on  carnation  rust  was  also  tested,  and 
at  the  recommended  strength  it  was  not  toxic,  the  germination  of  the 
urediniospores  of  U.  Caryophyllinus  (Schrank)  Wint.  relative  to  check, 
100,  being  56. 

Bordeaux  mixture  was  next  tested.  The  Bordeaux  mixture  used 
contained  copper  sulfate  and  calcium  oxide  in  the  approximate  ratio  of 
1  : 0.3;  that  is,  calcium  oxide  was  added  to  slight  alkalinity.  This  formula 
was  used  for  the  sake  of  convenience,  but  the  same  results  would  be 
obtained  with  any  current  formula,  for  the  unit  copper  is  equally  toxic 
in  acid,  neutral  and  alkaline  Bordeaux  mixtures  (Butler,  1915).  The 
Bordeaux  mixture  used  in  the  tests  was  diluted  to  various  strengths, 
so  as  to  contain  the  following  percentages  of  copper  sulfate:  0.0156, 
0.0312,  0.0625,  0.125,  0.25,  0.5,  1,  2  and  4.  The  results  are  shown  in 
Table  10. 
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Table  10.  —  Effect  of  Various  Strengths  of  Bordeaux  Mixture  1 
the  Germination  of  the  Urediniospores  of  P.  Antirrhini. 


0.3  on 


Pek  Cent  Copper  Sulfate. 


Per  Cent 
Copper. 


Germination 

relative 
to  Check,  100. 


Remarks. 


4.0,  . 
2.0,  . 
1.0,  . 
0.5,  . 
0.25,  . 
0.125,  . 
0.0625, 
0.0312, 
0.0156, 

r 


1.0 

0.5 

0.25 

0.125 

0.0625 

0.0312 

0.0159 

0.0079 

0.0039 


Mean  of  three  experiments. 
Mean  of  three  experiments. 
Mean  of  three  experiments. 
Mean  of  three  experiments. 
Mean  of  three  experiments. 
Mean  of  three  experiments. 
Mean  of  one  experiment. 
Mean  of  three  experiments. 
Mean  of  three  experiments. 


The  urediniospores  of  P.  Antirrhini  are  able  to  germinate  in  all  the 
strengths  of  Bordeaux  mixture  employed  by  the  writer.  They  germinate 
as  readily  in  the  mixture  containing  1  per  cent  copper  as  in  the  mixture 
containing  only  0.0039  per  cent  copper.  There  was  a  10  per  cent  difference 
in  favor  of  the  weaker  mixture,  but  this  has  no  significance  when  we 
consider  the  irregular  fluctuations  shown  by  the  intermediate  strengths. 
It  is  probable  that  at  the  lesser  strength  the  sprayed  slide  or  leaf  offers 
the  maximum  surface  of  solute  to  the  solvent.  An  increased  strength, 
as  1  per  cent  copper,  means  that  the  particles  on  the  slide  or  leaf  merely 
overlap  each  other,  and  do  not  offer  an  increased  surface  proportional  to 
the  added  amount  of  substance.  Having  found  a  certain  strength  of 
Bordeaux  mixture  non-toxic  to  the  urediniospores,  increasing  the  strength 
of  the  Bordeaux  mixture  results  in  no  toxic  effect. 

To  confirm  the  results  of  the  toxicity  tests  of  Bordeaux  mixture  against 
P.  Antirrhini,  snapdragon  plants  all  of  the  same  variety  were  sprayed 
with  Bordeaux  mixture  1  : 0.3  containing  1  per  cent  copper  sulfate. 
After  spraying,  the  plants  were  allowed  to  dry,  then  with  other  plants 
of  the  same  variety,  not  sprayed,  were  inoculated  with  snapdragon  rust, 
the  urediniospores  being  applied  to  the  plants  in  distilled  water  by  means 
of  an  atomizer.  All  inoculated  plants,  both  sprayed  and  unspraj^ed, 
were  then  placed  for  twelve  hours  in  an  incubator  at  a  constant  tempera- 
ture of  10°  C,  after  which  they  were  placed  together  in  a  greenhouse 
under  the  same  conditions.  Fifteen  days  after  inoculation  all  the  plants 
which  had  been  inoculated  were  examined  and  the  uredinia  on  the  leaves 
were  counted.  The  sprayed  plants  showed  on  the  average  two  hundred 
uredinia  each,  while  the  unsprayed  plants  showed  on  the  average  two 
hundred  and  ten  uredinia  each;  that  is,  there  was  an  approximately 
equal  amount  of  infection  on  the  sprayed  and  unsprayed  plants.    Bor- 
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deaux  mixture  cannot,  therefore,  be  recommended  for  the  control  of 
snapdragon  rust.  Peltier  (1919)  also  came  to  the  conclusion  that  Bor- 
deaux mixture  4-4-50  will  not  control  snapdragon  rust. 

Continuing  the  study  of  the  toxicity  of  Bordeaux  mixture  to  members 
of  the  Uredinales,  the  writer  tested  the  effect  of  this  fungicide  on  the 
germination  of  the  urediniospores  of  carnation  rust,  U.  Caryophyllinus 
(Schrank)  Wint.  It  is  realized  that  growers  do  not  often  spray  for  carna- 
tion rust  now,  being  able  to  control  this  disease  by  cultural  methods 
and  varietal  selection.  But  Bordeaux  mixture  has  often  been  recom- 
mended for  the  control  of  this  rust.  Bordeaux  mixture  1  : 0.3  was  used 
in  these  tests  in  various  strengths,  so  as  to  contain  0.5,  1,  2  and  4  per  cent 
copper  sulfate.  The  method  employed  was  the  same  as  that  described 
for  P.  Antirrhinl,  except  that  the  spores  were  germinated  at  14°  C,  which 
temperature  was  found  by  the  writer  (Doran,  1919)  to  be  the  optimum 
temperature  of  germination  for  the  urediniospores  of  U.  Caryophyllinus. 
These  urediniospores,  like  those  of  P.  Antirrhini,  germinated  only  when 
in  contact  with  both  air  and  water,  spores  in  the  interior  of  the  drop 
of  water  never  germinating. 

The  toxicity  tests  conducted  by  the  writer  showed  that  Bordeaux 
mixture  is  not  toxic  to  the  urediniospores  of  U.  Caryophyllinus,  which 
indicates  that  the  behavior  of  the  urediniospores  of  P.  Antirrhini  toward 
this  fungicide  is  not  exceptional.  If  carnation  plants  sprayed  with  Bor- 
deaux mixture  failed  to  rust,  it  must  have  been  due  to  other  adverse 
conditions,  such  as  temperature,  which  prevented  spore  germination  and 
infection. 

It  would  appear  from  data  obtained  by  others  as  well  as  from  the 
results  here  reported  that  the  Uredinales  are  much  more  tolerant  of 
copper  than  are  the  Phycomycetes.  Melhus  {loc.  cit.)  found  Bordeaux 
mixture  toxic  to  Phytophthora  infestans  (Mont.)  De  Bary  at  0.0039  per 
cent  copper  sulfate.  But  the  writer  did  not  find  Bordeaux  mixture  toxic 
to  the  two  members  of  the  Uredinales  studied  at  4  per  cent  copper  sul- 
fate. It  may  be  that  the  thick  wall  of  the  spore  secretes  some  chemical 
substance  which  prevents  the  copper  in  the  Bordeaux  mixture  from  going 
into  solution. 

The  literature  contains  numerous  references  to  the  use  of  copper  solu- 
tions as  a  control  of  diseases  produced  by  members  of  the  Uredinales, 
but  there  is  a  variance-  of  opinion  as  to  the  effectiveness  of  copper  on 
rust  diseases. 

The  experiments  performed  by  earlier  investigators  were  mostly  of  the 
field  rather  than  the  laboratory  type.  Dudley  (1890)  recommended  a 
saturated  solution  of  potassium  permanganate  as  a  control  of  hollyhock 
rust.  Maynard  (1893)  found  Bordeaux  mixture  to  give  good  results 
as  a  control  of  carnation  rust.  Hitchcock  and  Carleton  (1893)  found 
the  spores  of  P.  graminis  Pers.  able  to  germinate  in  solutions  of  thirty 
chemical  compounds  of  various  strengths,  including  0.1  per  cent  solutions 
of  mercuric  chloride,  copper  acetate,  potassium  bichromate,  potassium 
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cyanide,  acetic  acid  and  sulfuric  acid.  Pammel  (1893)  attempted  to 
control  rusts  on  oats  and  wheat  by  spraying  with  Bordeaux  mixture, 
but  found  no  appreciable  difference  in  the  amount  of  the  disease  on  the 
sprayed  and  unsprayed  plants.  Stuart  (1894)  found  that  Bordeaux 
mixture  of  standard  and  half  strength  solutions  gave  best  results  in  the 
control  of  carnation  rust.  Bailey  and  Lodeman  (1895)  sprayed  carna- 
tions with  a  mixture  of  Bordeaux  mixture  and  soap.  They  also  used  a 
mixture  of  copper  chloride,  lime  and  soap.  They  concluded  that  the 
copper  fungicides  were  most  efficient  in  the  control  of  carnation  rust. 
Stewart  (1896)  recommended  spraying  with  weak  copper  sulfate  for  the 
control  of  carnation  rust.  He  found  that  the  spores  of  U.  CaryopMjllinus 
can  germinate  in  a  copper  sulfate  solution  containing  0.0025  per  cent 
copper,  and  that  there  is  slight  germination  in  copper  sulfate  solutions 
containing  as  much  as  0.083  per  cent  copper.  He  found  these  spores 
unable  to  germinate  in  0.033  per  cent  solution  of  potassium  sulfide.  This 
investigator  found  that  if  copper  sulfate  is  applied  to  carnation  cuttings 
in  a  solution  strong  enough  to  control  the  rust  the  plants  are  injured. 
He  found  that  Bordeaux  mixture  would  not  control  carnation  rust,  and 
recommended  spraying  carnations  with  a  0.56  per  cent  copper  sulfate 
solution,  or  with  a  0.78  per  cent  solution  of  potassium  sulfide.  Sturgis 
(1896)  recommended  potassium  permanganate  for  the  control  of  holly- 
hock rust.  Halstead  (1897)  sprayed  hollyhocks  with  Bordeaux  mixture, 
and  found  rust  on  all  the  check  plots,  while  but  one  sprayed  plot  showed 
any  rust.  Kinney  (1897)  sprayed  carnations  with  Bordeaux  mixture, 
and  concluded  that  this  treatment  did  not  control  the  rust.  Abbey  (1898) 
recommends  Bordeaux  mixture  as  an  efficient  fungicide  in  the  control 
of  phrysanthemum  rust. 

A  survey  of  the  literature  on  rust  control  by  fungicides  is  not  very 
helpful.  Some  of  the  statements  made  are  misleading  and  few  are  very 
convincing;  for  instance,  it  is  hard  to  see  how  potassium  permanganate 
could  be  of  any  great  value  in  combating  a  rust.  Potassium  permanganate 
destroys  organisms  by  oxidizing  them,  and  if  in  contact  with  oxidizable 
material  it  very  soon  loses  its  power;  hence  it  would  be  of  no  avail  against 
spores  which  subsequently  fell  upon  the  spra}''ed  surface.  Some  investi- 
gators found  Bordeaux  mixture  efficient  and  some  found  it  inefficient 
as  a  fungicide  for  the  control  of  rust.  The  narrow  range  of  temperature 
in  which  the  spores  can  germinate  may  have  been  exceeded,  and  the 
credit  for  no  germination  given  to  the  fungicide  instead  of  to  a  faulty 
temperature  which  reduces  or  prevents  germination.  But  the  literature 
does  indicate  that  the  rusts  are  very  resistant  to  fungicides  in  general, 
especially  to  copper  fungicides. 

Sulfur  Fungicides. 
Dusting  with  sulfur  has  been  used  successfully  as  a  control  of  P.  Asparagi 
Dec.   (Smith,  1905  and  1906).     Butler  (1917)  described  a  sulfur  dust 
control  for  rust  of  snapdragon.     Stone   (1917)   recommended  for  the 
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control  of  snapdragon  rust  that  plants  be  dusted  with  powdered  sulfur 
every  ten  days,  or  sprayed  with  lime-suKur  1  :  35. 

The  writer  began  his  study  of  the  toxicity  of  sulfur  by  testing  the 
toxicity  of  sulfur  applied  in  water.  Powdered  sulfur,  washed  and  freed 
of  sulfur  dioxide,  was  added  to  drops  of  distilled  water  in  which  uredinio- 
spores  of  P.  Antirrhini  were  placed.  These  spores  in  water  with  sulfur 
and  the  checks  (spores  in  water  without  sulfur)  were  then  placed  at  a 
temperature  of  10°  C.  Subsequent  examination  showed  that  the  spores 
in  water  with  sulfur  germinated  quite  as  well  as  the  spores  in  water  with- 
out suKur.  This  result  is  not  surprising,  for  sulfur,  being  insoluble, 
would  hardly  be  expected  to  have  a  fungicidal  effect  when  applied  in 
water.  This  result  agrees  with  that  of  Melhus  {loc.  cit.),  who  found 
that  the  spores  of  Phytophthora  infestans  germinated  as  easily  in  water 
containing  sulfur  as  in  pure  water. 

The  toxicity  of  dry  sulfur  to  urediniospores  of  P.  Antirrhini  was  next 
determined.  Dry  urediniospores  were  placed  on  slides  and  dusted  with 
powdered  suKur.  These  were  then  put  into  desiccators  and  kept  for- 
three  and  one-half  hours,  some  at  a  temperature  of  12°  C.  and  some  at  a 
temperature  of  21°  C,  then  placed  in  drops  of  distilled  water  and  set  away 
for  twelve  hours  at  their  optimum  temperature  for  germination,  10°  C. 
They  were  accompanied  by  unsuKured  spores  as  checks.  The  following 
table  shows  the  relative  germination  of  the  spores  sulfured  at  12°  C,  and 
those  sulfured  at  21°  Ci- 
table 11.  Effect  of  Dry  Sulfur  and  Temperature  of  Application  on  the 
Germination  of  the  Urediniospores. 


Germination  of  Spores  exposed  to  Sulfur 

Three  and  One-Half  Hours  at  the  Temperatures 

STATED.     (Relative  to  Check,  100.) 

Remarks. 

12°  C. 

21°  C. 

90.1 

0 

Mean  of  ten  experiments. 

It  is  thus  shown  that  spores  dusted  with  powdered  sulfur  and  kept 
three  and  one-half  hours  at  a  temperature  of  21°  C.  do  not  germinate. 
Spores  similarly  treated,  but  kept  during  the  sulfuring  at  a  lower  tem- 
perature, 12°  C,  germinate  as  well  as  unsulfured  spores.  Sulfur  at  the 
lower  temperature  is  comparatively  inert,  but  at  the  higher  temperature 
it  reacts  slowly  with  the  oxygen  of  the  air  to  form  sulfur  dioxide. 

The  experiment  just  described  shows  that  suKur  as  such  is  not  toxic 
to  the  spores  of  this  fungus.  It  is  rather  the  sulfur  dioxide  generated 
by  the  exposure  of  dry  sulfur  to  warm  air  that  is  toxic  to  the  spores  of 
the  fungus.  The  more  surface  a  substance  exposes  the  more  rapidly  it 
reacts  chemically.  Hence  the  necessity  of  having  finely  divided,  that 
is,  finely  powdered,  sulfur  rather  than  a  coarser  grade. 
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As  a  continuation  of  this  experiment  urediniospores  were  taken  from 
snapdragon  plants  which  had  been  dusted  witli  powdered  sulfur  at  a 
temperature  not  less  than  21°  C.  These  plants  bore  many  spore  pustules, 
and  the  fungus  was  to  all  appearances  vigorous.  But  these  spores  failed 
to  germinate  when  placed  under  optimum  conditions  for  germination. 

Fungine  is  a  commercial  preparation  which  has  been  used  by  some 
growers  in  their  attempts  to  control  snapdragon  rust.  As  stated  by 
the  makers,  it  contains  potassium  polysulfide  6  per  cent,  and  potassium 
thiosulfate  4  per  cent.  The  writer  tested  the  toxicity  of  this  preparation 
to  the  spores  of  U.  Caryophyllinus  and  of  P.  Antirrhini  at  various  strengths 
and  at  the  strength  recommended  by  the  makers.  Fungine  proved 
toxic  to  the  spores  of  both  of  these  fungi. 

Table  12.  —  Effect  of  Various  Strengths  of  Fungine  on  the  Germination  of 
the  Urediniospores  of  P.  Antirrhini  and  of  U.  Caryophyllinus. 


Strength  of  Solution 
(Per  Cent  Thiosulfate). 


0.25, 
0.50, 
1.0, 
t 


Gekmination  relative 
to  Check,  100. 


P.   Antirrhini. 


U.   Caryo- 
phyllinus. 


Remarks. 


Mean  of  four  experiments. 
Mean  of  four  experiments. 
Mean  of  four  experiments. 


Fungine,  though  toxic  to  the  spores  of  these  fungi,  has  certain  disad- 
vantages. It  is  no  more  efficient  than  powdered  sulfur,  but  it  costs 
more  than  the  sulfur,  and  the  sulfur  dust  reaches  parts  of  the  plant  which 
a  liquid  spray  would  not.  Fungine  when  sprayed  on  a  slide  or  leaf  has 
a  physical  character  resembling  a  soap  film,  and  this  soapiness  makes  it 
wash  off  the  leaf  too  easily,  which  may  in  part  account  for  Peltier's  con- 
clusion {loc.  cit.)  that  snapdragon  rust  in  the  field  cannot  be  controlled 
by  Fungine. 

Temperature  Regulation. 

It  has  been  shown  that  the  urediniospores  of  P.  Antirrhini  cannot 
germinate  below  5°  C.  nor  above  20°  C,  and  that  they  germinate  best 
at  10°  C.  (50°  F.);  50°  F.  is  the  night  temperature  at  which  the  snap- 
dragon is  usually  grown  under  glass;  it  is  frequently  grown  in  the  house 
with  carnations.  This  temperature  results  in  a  maximum  amount  of 
rust  on  the  snapdragon.  The  carnation,  on  the  other  hand,  is  grown 
at  a  night  temperature  of  4°  C.  below  the  optimum  for  germination  of 
the  spores  of  carnation  rust,  and  this  may  in  part  explain  why  carnation 
rust  is  so  much  less  serious  than  snapdragon  rust.  Day  temperatures 
of  the  houses  are  not  important  in  the  study  of  snapdragon  rust,  for 
those  temperatures  are  usually  too  high  for  germination  of  the  uredinio- 
spores, so  we  may  consider  infection  as  taking  place  only  in  the  night. 
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if  growers  would  raise  or  lower  the  night  temperature  of  the  snapdragon 
house  to  52°  F.  or  48°  F.,  the  rust  would  decrease  in  amount  about  50 
per  cent.  This  is  indicated  in  the  constant  curve  showing  the  relation 
between  temperature  and  germination.  It  must  be  remembered  that 
this  temperature  change  prevents  infections  and  prevents  the  spread  of 
the  disease,  but  it  does  not  kill  the  spores.  So  if  the  temperature  ap- 
proaches the  germination  optimum  even  for  a  few  hours,  the  disease  may 
break  out  again.  Rise  of  temperature  as  a  control  is  further  considered 
under  treatment  with  sulfur.  Growers  may  object  to  raising  the  tem- 
perature very  much  above  50°  F.  because  of  the  danger  of  shortening 
the  blossom  spikes,  but  a  rise  of  even  two  or  three  degrees  will  check 
the  rust,  and  is  not  likely  to  diminish  the  value  of  the  blossom  spikes. 

Selection  of  Resistant  Varieties. 
Forty-six  varieties  of  snapdragon  have  been  observed  by  the  writer, 
and  their  relative  resistance  to  P.  antirrhini  has  been  determined.  The 
most  susceptible  varieties  are  Half  Dwarf,  Rose  Queen,  Fiery  Belt,  Crim- 
son. Queen  Victoria,  Ruby,  Carter's  Pink,  Delicate  Rose,  Dwarf  Golden 
Queen,  Sulphur  Yellow,  Venus,  Carter's  Gold  Crest  and  Chamois.  It 
is  recommended  that  the  above  varieties  be  not  grown  at  all.  The  most 
resistant  varieties  are  Queen  of  the  North,  Pure  White,  Rose  Dore, 
Giant  White,  Crimson,  Giant  Blood  Red,  Giant  Yellow,  Striped  Varieties, 
Hephsetos,  Phelp's  White,  White  Queen  Victoria,  Firebrand  and  Mont 
Blanc.  It  is  recommended  that  outdoor  gardeners  confine  themselves 
principally  to  these  varieties.  These  varieties,  while  not  absolutely 
resistant,  are  the  nearest  approach  to  it  among  snapdragons.  Florists 
grow  only  a  few  varieties,  as  a  rule,  notably,  Keystone,  Silver  Pink, 
Buxton's  Pink,  Phelp's  White  and  Nelrose.  None  of  these  varieties  is 
really  resistant.  Florists  can  control  this  disease  less  by  the  selection 
of  resistant  varieties  than  can  outdoor  gardeners,  but  the  florist  can 
propagate  from  resistant  individuals  if  any  appear,  and  meanwhile  safe- 
guard his  crop  by  the  sulfur  treatment. 

Regulation  of  Moisture. 
It  has  been  shown  that  although  temperature  does  not  kill  the  ure- 
diniospores  of  P.  Antirrhini,  six  weeks  of  drying  does  kill  them.  The 
teliospore  may  be  eliminated  as  a  factor;  and  as  the  urediniospores  cannot 
germinate  after  six  weeks  of  drying,  there  is  no  danger  of  the  disease 
being  transmitted  on  dry  seed;  also  it  is  evidently  impossible  for  ure- 
diniospores to  live  from  season  to  season  in  a  greenhouse  if  the  snapdragons 
are  removed  and  the  house  deprived  of  water  for  a  period  of  at  least 
eight  weeks.  A  case  of  this  kind  has  recently  come  to  the  attention  of 
the  writer.  A  house  of  snapdragons  was  severely  attacked  by  rust  last 
year.  This  year  mignonette  is  being  grown  in  the  space  occupied  by  last 
year's  rusted  snapdragons.  Among  the  mignonette  plants  are  many 
seedling  snapdragons,  the  descendants  of  the  rusted  plants,  but  these 
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seedlings  are  absolutely  clean  and  free  from  rust.  Here  we  have  a  case 
of  seed  from  infected  plants  producing  seedlings  free  from  disease,  although 
they  are  growing  in  the  space  occupied  by  the  diseased  plants  the  previ- 
ous year.  Apparently  their  only  protection  is  the  drying  out  of  the 
urediniospores. 

Use  of  Fungicides. 

The  copper  salts  and  -copper  mixtures,  the  toxicity  of  which  to  P. 
Antirrhini  was  tested  in  the  laboratorv,  are  copper  sulfate,  cuprammonium 
sulfate  (Eau  celeste),  Bordeaux  mixture  (cupric  sulfate  to  calcium  oxide 
in  the  ratio  of  1  to  0.3  present),  and  Hammond's  Copper  Solution.  It 
is  shown  that  Bordeaux  mixture  is  absolutely  useless  for  the  control 
of  this  disease,  for  at  no  strength  suitable  for  use  on  plants  does  it  prevent 
germination,  and  sprayed  plants  when  inoculated  develop  quite  as  much 
rust  as  plants  similarly  inoculated  but  not  sprayed.  The  toxic  constitu- 
ent of  Bordeaux  mixture  is  copper  sulfate,  and  this  used  alone  has  a 
toxic  effect  on  the  spores  of  P.  Antirrhini,  but  in  principle  does  not  dissolve 
with  sufficient  rapidity  to  be  efficient  against  either  P.  Antirrhini  or 
U.  Caryophyllinus. 

Copper  sulfate  solution,  0.25  per  cent  copper,  is  toxic  to  the  uredinio- 
spores of  P.  Antirrhini,  but  the  use  of  this  strength  of  copper  sulfate  on 
snapdragon  is  precluded  because  of  its  toxic  effect  on  the  foliage.  Cup- 
rammonium sulfate  (Eau  celeste)  is  toxic  to  the  urediniospores  of  P. 
Antirrhini  at  0.0625  per  cent  copper,  but  this  strength  of  Eau  celeste  is 
liable  to  result  in  a  toxic  action  to  the  foliage  of  snapdragon,  unless  the 
foliage  can  dry  off  in  less  than  one  hour.  This  nearly  precludes  the 
use  of  Eau  celeste  on  thick  crowded  plants,  for  the  bottom  foliage  would 
dry  off  too  slowly.  Eau  celeste  can  be  used  only  when  the  principle 
toxic  to  the  foliage  can  be  volatilized  by  rapid  drying.  Hammond's 
Copper  Solution  is  not  toxic  to  the  urediniospores  of  P.  Antirrhini,  and 
is  therefore  of  no  use  for  the  control  of  snapdragon  rust. 

A  method  for  the  control  of  snapdragon  rust  by  dusting  of  the  plants 
with  sulfur  has  been  described  by  Dr.  0.  R.  Butler  (1917).  During  the 
winter  of  1916-17  the  writer  inspected,  at  intervals  of  two  weeks,  green- 
houses of  snapdragon  which  had  been  thus  treated.  When  the  treatment 
began  the  plants  were  in  very  bad  shape,  leaves  and .  stems  were  fairly 
covered  with  rust  pustules.  The  first  thing  done  was  to  cut  out  those 
shoots  so  badly  infected  as  to  be  hopeless.  Many  of  them  were  girdled 
and  dying.  The  sulfur  used  was  obtained  from  the  Union  Sulphur  Com- 
pany and  from  Corona  Chemical  Company.  It  is  powdered  finely 
enough  to  pass  through  a  sieve  having  40,000  holes  to  the  square  inch. 
It  was  applied  with  a  good  bellows  that  filled  the  air  of  the  greenhouse 
with  dust,  which  settled  as  a  thin  even  film  on  the  foliage.  For  plants 
10  inches  high,  4  ounces  of  sulfur  were  applied  to  150  square  feet  of  bench. 
The  sulfuring  was  repeated  at  intervals  of  two  to  three  weeks,  as  necessi- 
tated by  new  growth  of  plants.  Exposed  blossoms  were  injured,  but 
there  was  no  injury  to  the  leaves.     For  two  days  after  sulfuring  the  night 
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temperature  was  kept  between  60°  F.  and  70°  F.  Spores  from  these 
sulfured  plants  were  tested  from  time  to  time  and  were  uniformly  unable 
to  germinate.  The  mycelium  in  the  plant  remained  aUve,  and  occasion- 
ally produced  new  sori  near  the  old  ones.  But  new  infections  were 
impossible,  and  the  spread  of  the  disease  was  checked.  In  one  case 
some  young  plants  which  had  been  sulfured  became  infected,  but  the 
explanation  was  soon  found.  They  had  been  grown  since  sulfuring 
at  a  temperature  not  over  50°  F.  To  be  successful,  the  suKur  must  be 
accompanied  by  some  rise  of  temperature. 

Fungine,  a  potassium  polysulfide  preparation,  is  toxic  to  the  uredinio- 
spores  of  P.  Antirrhini.  It  controls  snapdragon  rust  under  glass  if  applied 
to  the  plant  frequently,  but  its  use  is  not  recommended,  for  it  has  no 
advantages  over  powdered  sulfur,  while  it  costs  more  and  cannot  be 
applied  as  thoroughly  as  a  dust. 

Summary  of  Control  Measures. 
Many  of  the  experiments  already  described  contain  suggestions  as  to 
the  control  of  snapdragon  rust.     They  may  be  summed  up  as  follows:  — ■ 

1.  There  is  only  very  slight  chance  of  rust  entering  a  house  on  the 
seeds.  The  urediniospores  would  not  live  on  the  seeds.  TeHospores 
are  not  formed  till  after  seed  is  harvested,  and  are  of  no  use  to  the  fungus 
when  formed. 

2.  A  house  which  has  contained  snapdragon  rust  should  not  be  used 
for  snapdragons  the  following  year  if  any  plants  have  remained  alive 
during  the  interim,  nor  unless  the  house  has  been  dried  out. 

3.  Cuttings  should  not  be  taken  from  a  bench  showing  rust.  If  such 
cuttings  must  be  used,  dust  them  with  powdered  sulfur,  and  give  them 
a  high  temperature  for  a  few  nights. 

4.  Varieties  showing  resistance  to  rust  should  be  selected.  The  list 
of  varieties  showing  relative  susceptibility  should  be  of  assistance  here. 

5.  Water  should  be  kept  off  snapdragon  foliage.  In  watering,  only 
the  soil  should  be  wet.  If  syringing  becomes  necessary  it  should  be  done 
on  a  sunny  morning  so  that  the  foliage  will  dry  off  quickly. 

6.  Insects  should  be  kept  down;  they  serve  to  spread  the  rust.  But 
cyanide  must  be  used  carefully,  as  snapdragons  are  easily  injured  by  it. 

7.  If  rust  appears  the  plants  should  be  dusted  with  finely  powdered 
sulfur.  If  only  a  few  isolated  leaves  are  infected  they  should  be  removed 
by  hand  picking.  The  sulfur  should  be  applied  with  a  good  bellows 
that  will  throw  clouds  of  dust.  The  temperature  should  be  kept  up  for 
a  few  nights.  (For  more  detail  on  sulfuring,  see  the  article  by  Dr.  0. 
R.  Butler,  1917.) 

8.  A  solution  of  cuprammonium  sulfate  containing  0.065  per  cent 
copper  will  control  the  fungus,  but  because  of  its  toxic  effect  on  the 
foliage  it  can  be  used  with  safety  only  when  the  sprayed  foliage  will  dry 
within  one  hour. 

9.  Bordeaux  mixture  is  absolutely  ineffective. 
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10.  If  rust  appears  the  temperature  should  be  run  up  to  60°  F.  at  night 
for  a  few  nights,  till  the  rust  has  been  placed  under  control  by  sulfuring 
or  hand  picking.  It  should  be  borne  in  mind  that  50°  F.  is  the  tempera- 
ture most  favorable  to  the  fungus. 

SXJMMAKY. 

Puccinia  Antirrhini  Diet,  and  Holw.  is  known  to  occur  only  on  An- 
tirrhinum ma  jus. 

This  rust  is  the  most  serious  disease  of  snapdragons  under  glass,  and 
is  second  in  importance  to  anthracnose  on  snapdragons  out  of  doors. 

The  urediniospores  germinate  moderately  well  with  an  optimum  tem- 
perature of  10°  C;  the  teliospores  have  not  been  germinated. 

Dry  urediniospores  do  not  retain  the  power  of  germination  more  than 
six  weeks. 

No  varieties  of  snapdragon  are  absolutely  resistant  to  the  parasite, 
but  some  are  relatively  resistant.  The  varietal  resistance  is  dependent 
on  the  relative  number  of  stomata  per  unit  area  of  leaf  surface. 

The  urediniospores  are  disseminated  by  cuttings,  insects,  water  and 
wind. 

A  0.25  per  cent  solution  of  copper  sulfate  is  toxic  to  the  urediniospores 
of  P.  Antirrhini. 

A  0.25  per  cent  solution  of  cuprammonium  sulfate  is  toxic  to  the  ure- 
diniospores of  P.  Antirrhini. 

Bordeaux  mixture  is  not  toxic  to  the  urediniospores  of  P.  Antirrhini. 

The  80-2  generated  by  dry  sulfur  at  a  temperature  of  21°  C.  is  toxic 
to  the  urediniospores  of  P.  Antirrhini. 

The  method  of  control  recommended  consists  in  growing  resistant 
varieties,  controlling  cultural  conditions  carefully,  dusting  with  powdered 
sulfur  at  a  temperature  of  70°  F.,  and  keeping  the  night  temperature 
of  the  snapdragon  house  above  52°  F.  or  below  48°  F. 
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TOBACCO  WILDFIRE. 

PRELIMINARY  REPORT  OF  INVESTIGATIONS. 


BY   G.    H.    CHAPMAN  AND   P.    J.   ANDERSON. 


INTRODUCTION. 

Wildfire  is  the  name  of  a  bacterial  disease  of  tobacco  which  was  first 
reported  in  1916  in  North  Carolina.  It  may  possibly  have  been  present 
in  previous  years,  but  was  not  noted  until  Wolf  and  Foster  (4)  described 
the  trouble  in  that  year,  when  it  caused  losses  in  some  fields.  Since  1916 
it  has  been  found  in  a  number  of  the  tobacco  sections  of  the  country, 
more  particularly  in  Kentucky,  Virginia  and  South  Carolina.  It  was  first 
noted  in  Connecticut  in  1919,  but  was  not  reported  in  any  amount  until 
1920,  wl^en  Dr.  Clinton  of  the  Connecticut  Agricultural  Experiment 
Station  found  it  to  be  serious  locally.  During  the  same  season  it  was 
found  in  three  localities  in  Massachusetts. 

In  1921  a  very  serious  seed-bed  infection  was  reported  from  both  Con- 
necticut and  Massachusetts,  and  at  a  somewhat  later  date  the  disease  was 
also  reported  from  seed-beds  in  Pennsylvania  and  Ohio.^  The  disease 
has  not  been  serious  in  the  South  this  year,  but  in  Massachusetts  and 
Connecticut  there  was  not  only  a  wide  seed-bed  distribution,  but  also 
severe  infection,  particularly  in  the  broadleaf ,  where  diseased  plants  were 
set  in  the  field.  It  is  estimated  that  in  Massachusetts  approximately  20 
per  cent  of  the  seed-beds,  including  those  of  all  types  of  tobacco,  had  more 
or  less  wildfire  infection.  In  some  cases  there  was  only  a  slight  infection, 
and  in  others  up  to  90  per  cent  of  the  seedUngs  were  infected. 

The  importance  of  the  disease  to  the  tobacco  industry  is  great  because 
leaves  which  are  badly  spotted  are  practically  valueless;  and  further- 
more, in  the  fields  the  infection  works  from  the  bottom  of  the  plant 
towards  the  top,  as  a  rule,  and  the  best-quality  leaves  are  the  ones  first 
infected. 

1  Plant  Disease  Bulletin,  5: 19,  37.    1921. 
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Last  year,  when  to  the  best  of  our  knowledge  the  disease  appeared  in 
rather  widely  separated  localities  in  Massachusetts,  it  was  felt  that  the 
spread  might  not  be  rapid;  but  in  1921  the  infection  was  quite  general 
throughout  the  State,  with  apparently  local  centers  of  heavy  infection, 
the  only  beds  or  sections  free  from  the  trouble  being  those  in  outlying 
districts. 

Unless  the  disease  is  controlled  there  is  no  question  but  that  it  will 
become  a  serious  matter  and  the  cause  of  considerable  loss  to  the  tobacco 
growers.  It  is  apparent  from  data  collected  this  year  that  nearly  all,  if 
not  all,  of  our  field  infections  originate  in  the  seed-beds;  hence  the  pro- 
duction of  healthy  seedlings  becomes  a  matter  of  prime  importance. 

Weather  conditions  have  a  great  deal  to  do  with  the  spread  of  the 
trouble,  as  has  been  shown  not  only  in  the  South  but  in  Massachusetts 
as  well.  But  even  under  favorable  conditions  timely  control  measures 
are  necessary  to  combat  the  trouble. 

It  is  not  known  how  in  1921  wildfire  became  so  generally  distributed 
throughout  the  different  sections,  nor  why  we  apparently  had  two  or 
three  successive  infections  during  the  seed-bed  period.  In  order  to  deter- 
mine these  points,  and  to  find,  if  possible,  some  methods  of  prevention, 
eradication  or  control,  investigations  were  begun  by  the  writers  in  the 
spring  of  1921.  These  investigations  are  by  no  means  completed, .  but 
sufficient  data,  especially  on  seed-bed  control,  have  been  secured  to  war- 
rant a  preliminary  report. 

APPEAEANCE  OF  THE  DISEASE. 

The  symptoms  or  signs  of  the  disease  are  prominent  and  very  easily 
recognized.  The  spots  may  be  found  on  the  leaves  at  any  stage  in  the 
development  of  the  plant  from  the  time  the  first  seed-leaves  appear  to 
full  maturity.  They  are  sometimes  found  on  the  seed-pods,  but  have  not 
been  observed  on  stalks  or  roots.  They  are  usually  noticed  first  in  the 
seed-bed.  The  typical  spot  on  the  leaf  in  its  first  recognizable  stage  is  a 
circular  chlorotic  area,  yellowish  green,  of  a  lighter  color  than  the  sur- 
rounding leaf  surface,  and  less  than  a  quarter  of  an  inch  in  diameter. 
Within  the  next  twenty-four  hours  a  small  brown  or  whitish  dead  speck 
of  less  than  pin-head  size  marks  the  center  of  the  lesion  which,  under 
conditions  favorable  for  the  disease,  has  now  increased  to  a  quarter  of 
an  inch  or  more,  is  of  a  more  decided  yellow  color,  and  forms  a  prominent 
halo  about  the  central  dead  area  (Plate  I,  Fig  A).  Both  the  central 
brown  dead  spot  and  the  yellow  halo  now  increase  in  size,  and  within 
a  few  days  the  affected  part  may  be  a  half  inch  or  more  in  diameter. 
The  central  brown  dead  part  may  or  may  not  be  surrounded  by  a  water- 
soaked  translucent  band,  depending  apparently  on  moisture  conditions. 
In  very  humid  times  the  entire  spot  is  sometimes  soft  and  water-soaked. 
The  most  constant  and  dependable  character  is  the  yellow  halo  which 
persists  in  all  stages  of  development.    Any  number  of  spots  may  occur 


PLATE   I. 


.Symptoms  op  Wildfire. 


A.  Infection  of  four  days,  showing  typical  halo  spots  with  pinhead  centers. 

B.  Multiple  infections  coalescing  and  causing  distortion  of  leaf. 

C.  Typical  infection  of  leaf  in  field  seven  days  after  heavy  rain. 
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on  a  single  leaf  (Plate  I,  Fig.  C),  and  when  numerous  they  usually  run 
together  to  produce  large  irregular  dead  areas.  Frequently,  when  a  leaf 
is  attacked  while  it  is  rapidly  developing,  the  affected  part  becomes  dis- 
torted and  uneven  (Plate  I,  Fig.  B).  Spots  may  be  located  on  any  part 
of  the  leaf,  but  a  great  number  of  them  are  marginal  with  a  semi-circular 
halo.  During  dry  weather  the  dead  areas  remain  intact,  but  in  stormy 
weather  they  may  be  broken  out  and  result  in  a  ragged  appearance  of 
the  leaf.  Severely  attacked  plants,  especially  in  the  seedling  stage,  may 
die,  but  more  often  the  plant  continues  to  grow  and  is  only  stunted  by 
the  injury  or  loss  of  a  part  of  its  leaves.  In  the  field  the  lower  leaves  are 
most  affected.  No  lesions  are  found  at  the  top  of  the  plant  on  the  very 
young  leaves  which  are  just  unfolding.  Badly  affected  leaves  are  prac- 
tically worthless  on  the  market,  as  they  cannot  be  used  for  wrappers  or 
binders. 

In  the  very  early  seedling  stage,  when  the  plants  are  no  larger  than  the 
thumb  nail,  the  symptoms  may  be  atypical  and  not  readily  recognized 
as  wildfire  by  the  inexperienced.  Superficially,  affected  plants  have  much 
the  appearance  of  being  attacked  by  ordinary  damping-off.  The  leaves 
are  usually  affected  from  the  margins  inward  and  the  lesions  are  more 
typical  of  a  wet  rot,  and  in  this  condition  the  water-soaked,  translucent 
line  is  particularly  noticeable  between  the  living  and  dead  tissue.  Very 
often  the  entire  leaf  is  withered,  and  nothing  but  the  dried  midrib  is  ob- 
servable. In  such  plants  the  stem,  however,  is  usually  not  affected,  and 
this  character  differentiates  the  trouble  from  the  ordinary  damping-off, 
for  in  the  latter  disease  infection  starts  in  the  stem  and  the  entire  plant 
rots  down. 

CAUSE  OF  WILDFIRE. 

When  the  disease  first  came  under  investigation  in  North  Carolina, 
Wolf  and  Foster  (4)  demonstrated  by  isolations  and  inoculations  that  it 
is  produced  by  a  parasitic  species  of  bacteria  which  they  named  Bac- 
terium tobacum.  In  Massachusetts  the  writers  have  made  numerous  isola- 
tions from  all  the  types  of  lesions  described  above,  and  have  invariably 
obtained  pure  cultures  of  an  organism  which  gave  the  same  cultural 
tests  as  described  by  Wolf  and  Foster  (5) .  The  same  organism  has  never 
failed  to  produce  the  t3rpical  disease  when  healthy  plants  were  inoculated 
with  it  from  pure  cultures. 

An  individual  bacterium  of  this  species  is  so  microscopically  small 
(3.3xl.2At)  that  over  7,500  of  them  placed  end  to  end  would  form  a 
chain  only  one  inch  long.  Its  body  is  cylindrical  with  rounded  ends,  and 
two  or  three  times  as  long  as  broad.  In  fresh  cultures  the  organisms 
may  be  seen  under  the  microscope  actively  darting  about,  the  motion 
being  produced  by  vibrating  the  long  tail-like  flagella  (1  to  4  in  number) 
which  are  attached  to  one  end  of  the  body.  The  body  increases  in  length 
and  divides  into  two  individuals  by  the  process  of  fission.  After  repeated 
division  short  chains  of  bacteria  may  be  observed  before  they  break  apart. 
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Life  Histoet  of  the  Causal  Organism. 

Although  there  is  very  Uttle  to  learn  about  the  structure  of  this  very- 
simple  organism,  there  are  many  things  which  it  is  important  that  we 
should  know  about  its  life  history.  Control  measures  can  be  developed 
only  after  determining  important  life-history  facts,  such  as  the  manner 
and  place  of  overwintering,  method  of  entrance  to  host,  methods  of  spread- 
ing in  the  seed-bed  and  in  the  field,  and  longevity  of  the  organism  in 
various  environments.  About  some  of  these  life-history  phases  little  or 
nothing  is  known  as  yet;  concerning  others  we  now  have  more  definite 
information.  -It  is  hoped  that  experiments  now  in  progress,  but  not  com- 
pleted at  the  date  of  issue  of  this  bulletin,  will  clear  up  some  of  the  places 
in  the  life  history  about  which  we  are  now  ignorant.  At  this  time  we  can 
only  summarize  the  progress  which  has  been  made  up  to  the  present  by 
investigators  in  other  States,  and  by  the  writers  in  Massachusetts. 

Infection.  —  Infection  may  occur  at  any  stage  in  the  development  of 
the  tobacco  plant.  The  bacteria  thrive  and  cause  injury  by  rapid  propa- 
gation inside  the  tissues  of  the  leaf.  The  method  by  which  they  pass 
from  outside  the  leaf  through  the  epidermis  into  the  interior  tissue  is  not 
yet  definitely  known.  The  only  openings  through  which  they  can  pass 
are  the  stomates  (breathing  pores),  the  hydathodes  (openings  on  the 
margins  of  the  leaves  for  the  exudation  of  water) ,  and  accidental  abrasions 
or  wounds.  The  writers  have  frequently  demonstrated,  however,  that 
visible  wounds  are  not  necessary.  Healthy  plants  of  various  ages  have 
been  inoculated  by  spraying  with  a  suspension  of  the  bacteria  in  water. 
Almost  without  exception  infection  has  resulted,  although  the  most  care- 
ful examination  has  failed  to  reveal  any  wounds  in  the  leaves.  If  the 
stomates  were  the  only  avenues  of  entrance,  one  would  expect  a  greater 
percentage  of  infection  when  the  lower  surface  of  the  leaves  was  inocu- 
lated, but  the  amount  of  infection  has  been  about  the  same,  irrespective 
of  whether  the  upper  or  lower  side  was  inoculated.  The  rather  high  per- 
centage of  marginal  infection  points  toward  the  hydathodes  as  important 
infection  courts.  Moisture  has  an  important  role  to  play  in  infection, 
although  perhaps  more  important  in  dissemination.  Infection  occurs  in 
the  field  principally  during  rainy  periods.  It  is  not  essential  that  the  water 
should  remain  on  the  leaves  for  any  long  time.  Successful  infections  are 
secured  by  spraying  water  suspensions  on  the  leaves  even  when  they 
become  dry  within  a  few  hours. 

Incubation  Period.  ■ —  This  period  covers  the  time  between  the  passage 
of  the  bacteria  into  the  interior  tissues  and  the  appearance  of  the  first 
sjmiptom  of  disease.  The  length  of  this  period  as  determined  by  care- 
fully watched  experiments  at  this  station  is  three  to  eight  days.  In  the 
field  growers  usually  begin  to  notice  increased  infection  in  five  to  seven 
days  after  a  rain,  but  since  the  first  symptoms  are  inconspicuous,  and  the 
casual  observer  does  not  notice  the  spots  until  they  have  been  developing 
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for  two  or  three  days,  this  confirms  our  conclusion  as  to  the  length  of  the 
period. 

According  to  Wolf  and  Foster  (5)  the  bacteria  at  first  propagate  only 
between  the  cells  of  the  leaf.  The  cells  soon  begin  to  collapse,  and  one 
finds  not  only  the  intercellular  spaces,  but  the  cells  themselves  filled  with 
dense  masses  of  bacteria.  Enzymes  secreted  by  the  bacteria  apparently 
break  down  the  cell  contents,  and  some  of  the  decomposition  products 
are  used  as  food  for  further  multiplication  of  the  parasites.  As  the  tissue 
collapses  the  bacteria  either  ooze  out  to  the  surface  or  are  exposed  by 
rupture  of  the  epidermis. 

Dissemination. 

This  disease  was  called  "wildfire"  because  of  the  extreme  rapidity  with 
which  it  spreads.  It  has  been  noted  by  all  investigators  of  the  disease  and 
by  tobacco  growers  that  rapid  spread  invariably  follows  heavy  rains. 
When  the  rain  drops  fall  on  the  diseased  spots,  the  bacteria  float  out  into 
the  water  and  successive  drops  splash  them  to  other  leaves  of  the  same 
plant  or  to  neighboring  plants.  If  the  rain  is  accompanied  by  wind  the 
drops  are  carried  farther  and  the  spread  is  greater  to  the  windward  of 
diseased  plants.  A  number  of  cases  have  been  observed  by  the  writers 
where  the  spread  from  a  single  diseased  plant  or  diseased  row  resulting 
from  wind-driven  rain  has  been  carefully  followed.  Invariably  the  area 
of  new  infection  has  been  from  two  to  ten  times  as  great  to  windward  as 
to  leeward.  These  two  agents  (wind  and  rain)  are  undoubtedly  the  most 
potent  of  all  the  factors  involved  in  dissemination.  A  number  of  experi- 
ments with  various  agents  suspected  of  disseminating  the  disease  have 
been  conducted  at  this  station  and  are  summarized  below. 

Splashing  Rain.  —  In  order  to  corroborate  field  observations,  dropping 
water  from  a  rose  nozzle  in  the  greenhouse  was  allowed  to  fall  onto  dis- 
eased leaves  and  then  splash  to  healthy  young  plants.  The  splashing  was 
continued  for  five  hours.  Wind,  insects  and  all  other  agents  were  ex- 
cluded. Within  five  days  lesions  were  observed  on  the  plants  where  the 
water  had  splashed.  Check  plants  in  the  same  bed,  which  were  separated 
from  the  splashed  plants  only  by  a  glass  partition  and  which  had  been 
splashed  with  uncontaminated  tap  water  at  the  same  time,  remained 
entirely  healthy.  The  results  confirm  in  every  way  the  conclusion  from 
field  observations  that  this  is  a  very  important  agent  of  dissemination. 

Wind.  —  That  wind  may  be  important  in  carrying  the  infested  rain 
drops  to  greater  distances  has  been  previously  mentioned  and  needs  no 
further  demonstration.  But  on  the  other  hand,  it  seemed  to  be  important 
to  determine  whether  wind  alone,  without  rain,  could  carry  the  bacteria 
from  a  diseased  to  a  healthy  plant.  Therefore  five  diseased  plants  in  pots 
were  placed  before  an  electric  fan,  and  twelve  healthy  potted  plants  set 
at  distances  ranging  from  three  to  twenty-four  inches,  so  placed  that  the 
air  current  passed  from  the  diseased  to  the  healthy  plants.  The  fan  was 
turned  on  for  three  hours  on  four  successive  days,  the  plants  were  sprinkled 
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between  times  and  kept  under  favorable  conditions  for  infection.  Since 
no  infection  resulted,  even  after  several  weeks,  it  seemed  apparent  that 
■wind  alone  cannot  spread  the  disease. 

Leaf  Contact.  —  Since  in  the  seed-bed,  and  to  some  extent  in  the  field, 
the  leaves  of  adjacent  plants  come  into  contact,  it  seemed  possible  that 
the  bacteria  might  thus  pass  from  a  diseased  to  a  healthy  plant.  In  order 
to  determine  whether  this  is  possible,  two  diseased  plants  in  pots  were 
placed  under  a  closed  bell  jar  with  two  healthy  plants  in  such  a  position 
that  healthy  leaves  were  in  contact  with  diseased  leaves  in  a  natural  way 
without  any  device  for  keeping  them  together.  They  were  not  watered, 
but  moisture  soon  accumulated  inside  the  bell  jar.  In  a  second  bell  jar 
the  same  experiment  was  repeated,  but  the  jar  was  open  at  the  top  except 
for  a  thin  piece  of  cheesecloth  used  to  exclude  insects.  Infections  resulted 
in  both  cases.  There  can  be  no  question  then  but  that  wildfire  may  spread 
by  contact.  This  factor  is  probably  of  more  importance  in  seed-bed  dis- 
semination than  in  the  field.  When  plants  have  been  pulled  and  piled 
together  in  boxes  or  baskets  until  ready  to  be  set  in  the  field  the  moisture 
conditions  are  very  favorable  for  the  spread  of  the  disease  to  healthy 
plants.  Occasionally  such  plants  are  kept  thus  for  days  before  planting, 
and,  if  diseased  plants  are  present,  no  better  opportunity  for  spreading 
wildfire  by  contact  could  be  found. 

Handling  by  Workmen.  —  Do  workmen,  in  weeding,  transplanting,  hoe- 
ing, plowing  and  topping  help  to  spread  the  disease?  In  order  to  answer 
this  question  diseased  leaves  were  crushed  between  the  fingers  and  then 
leaves  of  a  healthy  plant  drawn  through  the  fingers  without  rupturing 
the  leaves.  The  plants  were  then  kept  protected  under  a  bell  jar.  A 
few  of  the  leaves  thus  treated  developed  typical  lesions  of  the  disease. 
Check  plants  treated  in  the  same  way  after  healthy  leaves  had  been 
crushed  in  the  hand  remained  free  from  disease.  There  is  no  doubt,  then, 
that  wildfire  may  be  spread  by  workmen  during  the  ordinary  manipula- 
tions of  the  crop.  The  danger  of  spread  is  much  greater  while  the  plants 
are  wet,  and  if  there  is  any  disease  at  aU  present,  all  operations  while 
water  is  on  the  leaves  should  be  avoided. 

Insects.  —  It  would  seem  almost  impossible  for  insects  to  work  alter- 
nately on  diseased  and  healthy  leaves  without  spreading  the  bacteria. 
Wolf  and  Moss  (6)  state  that  "flea  beetles  are  to  be  regarded  as  carriers 
of  infection,  since  the  wildfire  organism  has  been  isolated  from  individuals 
which  had  been  feeding  on  diseased  plants."  Flea  beetles  were  the  most 
common  insects  found  on  tobacco  both  in  seed-bed  and  field  in  this  State 
during  the  present  year,  and  it  was  suspected  that  they  carried  the  bac- 
teria. To  determine  whether  such  was  the  case,  large  numbers  of  flea 
beetles  were  caged  with  diseased  plants;  then,  after  they  had  fed  on  these 
plants  for  several  days,  they  were  transferred  to  healthy  plants,  where 
they  riddled  the  leaves.  No  wildfire  lesions  ever  developed  on  these  plants. 
Thinking  that  possibly  the  beetles  had  not  eaten  from  the  diseased  spots 
in  the  infected  plants  the  writers  caged  another  lot  in  tubes  in  which  only 
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diseased  bits  of  leaves  were  placed.  Most  of  the  diseased  pieces  were  en- 
tirely consumed  and  all  of  them  more  or  less  eaten.  The  insects  were 
then  transferred  to  cages  in  which  healthy  plants  were  growing.  Although 
numerous  holes  were  eaten  through  the  leaves,  no  wildfire  lesions  de- 
veloped. The  flea  beetle  experiments  variously  modified  were  repeated 
five  times,  but  always  with  negative  results.  Wolf  and  Foster  (5)  had 
the  same  results  with  thrips.  Other  insects  have  not  been  found  on 
tobacco  in  sufficient  numbers  to  indicate  that  they  could  be  the  agents  of 
dissemination.  From  all  evidence  which  has  been  secured  up  to  the 
present  time  we  may  conclude  that  insects  are  of  little  or  no  importance 
in  the  spread  of  the  disease.  This  conclusion  is  also  corroborated  by  a 
study  of  field  conditions.  If  insects  were  responsible,  one  would  expect 
to  find  scattered  throughout  the  field  plants  which  had  only  one  or  a  few 
infections  on  the  upper  leaves,  and  spread  from  a  single  infected  plant 
would  be  more  rapid.  But  such  is  not  the  case.  As  will  be  explained 
below,  most  of  the  infections  can  be  traced  from  the  lower  leaves,  and 
can  be  readily  explained  by  splashing  and  wind-borne  rain. 

Origin  of  the  Disease  in  the  Seed-beds. 
Wildfire  makes  its  first  appearance  in  the  seed-beds  when  the  plants  are 
yet  very  small.  It  is  very  essential  that  we  should  know  the  source  of  the 
bacteria  which  start  this  initial  infection.  This  involves  the  whole  problem 
of  the  overwintering  of  the  bacteria.  The  possibihties  are  that  the  bacteria 
pass  the  winter  on  (1)  the  seed,  (2)  the  chaff  with  the  seed,  (3)  in  the  soil, 
(4)  in  the  sash,  frames,  covers,  etc.  Experiments  are  now  in  progress  to 
solve  this  problem  by  determining  the  longevity  of  the  bacteria  in  various 
environments,  but  since  these  experiments  have  not  as  yet  reached  their 
conclusion,  nothing  can  be  stated  as  demonstrated.  Fromme  (2)  in  Vir- 
ginia believes  that  the  bacteria  overwinter  with  the  seed.  The  fact  that 
infections  are  not  positively  known  to  start  in  the  field  from  soil  which  is 
splashed  onto  the  leaves  leads  one  to  suspect  that  the  soil  is  not  the 
source  of  early  infection  in  Massachusetts.  In  North  Carolina,  however. 
Wolf  and  Moss  (6)  found  that  soil  or  the  cloth  covers  which  had  been  used 
the  previous  season  could  serve  as  carriers  in  overwintering  the  bacteria. 
We  expect  to  have  more  definite  information  in  regard  to  this  point  before 
next  season.  When  once  started  in  the  bed,  the  bacteria  are  easily  spread 
by  splashing  during  watering,  contact  of  plants,  weeding,  etc. 

Source  of  Infection  in  the  Field, 
Careful  field  observations  have  been  made  during  the  past  season  on 
the  origin  of  the  field  infections  and  the  spread  in  the  field.  In  the  vast 
majority  of  cases  it  has  been  found  that  the  plants  came  from  infested 
seed-beds,  and  in  all  other  cases  the  seed-bed  has  been  suspected,  but  it 
has  not  been  possible  always  to  prove  that  it  was  the  source.  Almost 
always,  throughout  the  season,  when  a  diseased  plant  was  found  the  spots 
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could  also  be  found  on  the  lower  leaves  of  the  same  plant  which  were 
present  when  the  plant  was  set  out.  If  not  on  the  same  plant,  then  they 
could  be  found  on  a  plant  which  was  very  close  by.  In  all  the  field  obser- 
vations we  have  seen  nothing  to  indicate  any  other  independent  source 
of  the  inoculum. 

OTHER  HOSTS. 

Up  to  the  present  the  causal  organism  of  wildfire  has  been  found  actively 
parasitic  only  on  tobacco.  The  possibility  is  not  excluded,  however,  that 
it  may  occur  on  other  hosts.  Wolf  and  Foster  (5)  isolated  the  organism 
from  spots  on  cow  peas,  and  were  able  to  produce  the  typical  disease  on 
tobacco  with  the  strain  taken  from  cow  peas.  Only  occasional  smaU  spots 
developed  on  inoculated  cow  peas,  and  they  are  of  the  opinion  that  the 
organism  is  not  parasitic  on  this  host,  but  developed  only  in  the  weakened 
tissues  about  injuries  produced  by  leaf  hoppers.  They  also  inoculated 
bell  peppers,  potatoes,  tomatoes,  eggplants,  horse  nettle  and  jimson  weed 
but  were  unable  to  produce  the  disease. 

The  writers  have  inoculated  petunia,  eggplant  and  pokeweed  {Phy- 
tolacca decandrd)  by  spraying  them  with  suspensions  of  bacteria  in  water 
in  the  same  way  in  which  tobacco  plants  were  usually  inoculated.  Some 
of  the  leaves  in  each  case  were  wounded  by  punctures  with  a  sterUe  needle. 

Petunia.  —  Within  four  days  after  inoculation  typical  wildfire  lesions 
appeared  about  all  the  punctures  and  on  some  of  the  leaves  where  no 
punctures  were  made.  These  increased  to  the  usual  size  and  the  centers 
died.  Reisolations  gave  the  organism  in  pure  culture,  and,  when  tobacco 
plants  were  inoculated  from  these  cultures,  wildfire  resulted.  The  tobacco 
wildfire  organism  is  thus  parasitic  on  the  closely  related  genus  Petunia. 

Eggplant.  —  These  plants  were  kept  under  humid  conditions  in  bell 
jars.  After  six  days  necrotic  lesions  developed  about  aU  the  punctures, 
but  none  where  punctures  had  not  been  made.  The  lesions  were  5  to  10 
millimeters  in  diameter.  Thus,  although  the  bacteria  are  able  to  spread 
from  wounds,  apparently  they  are  not  actively  parasitic  on  eggplant. 

Pokeweed.  —  After  a  week  a  few  lesions  developed  about  the  punctures 
and  showed  the  typical  broad  halo.  Parasitism  is  thus  about  the  same  as 
on  eggplant. 

Tomato.  —  While  examining  a  seed-bed  of  infected  tobacco  plants  at 
Southwick,  the  writers  found  lesions  of  the  same  type  on  some  tomato 
plants  which  were  growing  among  the  diseased  tobacco  seedlings.  Micro- 
scopic examination  showed  bacteria  of  the  same  kind  in  the  lesions,  and 
pure  cultures  were  obtained.  Tobacco  plants  inoculated  from  these  cul- 
tures developed  typical  wildfire  lesions.  The  spots  on  the  tomato  leaves 
appeared  to  have  started  around  injuries  of  some  kind.  Undoubtedly, 
however,  the  bacteria  were  able  under  natural  conditions  to  spread  from 
these  wounds  into  healthy  tissue. 

Further  investigations  of  host  relationships  are  in  progress.  Probably 
the  same  species  of  bacteria  does  not  cause  a  serious  disease  of  any  of  our 
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common  plants,  yet  it  may  occur  rather  commonly  in  a  semi-parasitic 
inconspicuous  condition,  and  this  fact  may  prove  to  be  of  some  importance 
in  the  dissemination  or  overwintering  of  the  organism,  and  thus  indirectly, 
also,  in  the  control  of  wildfire. 

CONTROL. 

Necessity  of  stakting  with  the  Seed-bed. 
It  has  been  shown  that  nearly  every  field  infection  originates  in  the 
seed-bed,  and  that  as  yet  there  is  no  positive  evidence  that  the  disease 
has  originated  in  the  field,  at  least  in  Massachusetts.  In  every  case  that 
came  to  our  attention  where  healthy  seedlings  were  set,  no  infection  was 
found  except  that  brought  in  afterward  by  partial  resetting.  Therefore 
it  is  evident  that  if  the  seed-beds  can  be  kept  free  from  disease,  the  fields 
will  be  free  from  it  also.   All  control  measures  should  start  in  the  seed-bed. 

Sterilization  of  Soil. 
It  is  the  practice  of  many  growers  to  steam  sterilize  the  seed-beds  in 
order  to  destroy  disease-producing  organisms  and  also  to  kill  weed  seeds. 
With  regard  to  liability  of  wildfii'e  infection,  our  observations  have  been 
that  it  has  made  little  or  no  difference  whether  or  not  the  seed-beds  have 
been  steriUzed,  It  is,  however,  a  good  practice,  and  will  minimize  the 
chances  of  infection  from  material  containing  the  organisms  which  may 
have  remained  in  the  beds.  No  precautionary  measures  should  be  over- 
looked; therefore,  where  it  can  advantageously  be  done,  it  is  well  to 
change  the  location  of  the  seed-beds,  particularly  if  sterilization  is  not 
practiced. 

Seed  Disinfection. 
Fromme  (2)  has  found  that  the  organism  overwinters  on  the  seed,  and 
has  devised  a  method  for  the  sterilization  of  seed  which  is  apparently 
satisfactory,  and,  if  carried  out  exactly  according  to  the  recommendations, 
will  not  injure  the  seed.  We  have  sterihzed  several  lots  of  seed  this  year, 
and  in  none  of  them  has  germination  been  injured.  Some  bad  results  have 
been  reported,  but  these  have  resulted  from  faulty  technique.  Two  of  the 
most  important  points  in  seed  sterilization  are  thorough  washing  out  of 
the  formaldehyde  and  rapid  drying  of  the  seed.  Fromme  in  principle 
recommends  for  steriHzation  of  seed  the  following  procedure:  Soak  the 
seed  for  fifteen  minutes  in  a  solution  made  by  adding  one  fluid  ounce  of 
formaldelyde  (commercial  strength)  to  a  pint  of  water.  Stir  the  seed  all 
the  time  that  they  are  in  the  solution.  At  the  end  of  the  time  cover  the 
pail  or  jar  with  cheesecloth  and  wash  in  running  water,  or  wash  in  several 
changes  of  water  until  all  trace  of  formaldehyde  odor  has  disappeared. 
Spread  the  seed  in  a  thin  layer  and  dry  as  rapidly  as  possible  at  room 
temperature.    Do  not  heat  during  the  drying. 
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This  treatment  will  not  eliminate  the  possibihty  of  the  occurrence  of  the 
disease  in  the  seed-bed,  for  some  of  our  seed-bed  infection  this  past  season 
occurred  after  the  plants  were  well  developed,  but  it  will  ehminate  one 
source  of  infection,  and  if  the  other  recommendations  are  followed  will 
reduce  the  chances  of  infection. 

Sterilization  of  Sash,  Cloth  Covers,  etc.  i 

In  the  South  it  has  been  shown  that  the  covers  used  on  the  beds  are 
sometimes  a  source  of  infection,  and  it  is  recommended  as  an  additional 
precaution  that  the  sash,  covers  and  side  plank  be  washed  or  sprayed 
with  a  solution  of  formaldehyde,  1  part  to  50  by  measure,  and  dried 
before  being  used.  So  far,  in  Massachusetts,  we  have  no  positive  proof 
that  the  disease  is  carried  over  in  this  way,  but  possibly  it  may  be. 


Spraying  or  dusting  Plants  in  the  Seed-bed. 

Although  the  bacteria  when  once  inside  the  tissues  of  the  leaf  cannot 
be  destroyed  by  application  of  any  substance  to  the  surface,  the  possi- 
bihty of  preventing  them  from  entering  in  the  first  place  is  not  precluded. 
Spraying  and  dusting  experiments  were  therefore  undertaken  with  the 
object  of  covering  the  leaves  with  a  poisonous  coat  which  would  kill  the 
bacteria  while  on  the  surface  and  before  they  had  an  opportunity  to  pass 
through  the  epidermis. 

A  cloth-covered  seed-bed  40  feet  long  and  6  feet  wide  was  divided  into 
18  equal  plots,  and  the  fungicides  applied  for  the  first  time  when  the  plants 
were  about  1  inch  high  and  again  a  week  later.  The  substances  applied, 
rates  of  appHcation  and  results  are  indicated  in  the  table  below.  Four 
of  the  plots  received  no  apphcations  and  were  used  as  checks  for  com- 
parison. No  infection  was  present  at  the  time  of  the  first  apphcation, 
but  on  the  following  day  the  entire  bed  was  sprinkled  equally  with  a 
gallon  of  water  suspension  of  the  bacteria.  Five  days  later  infection  was 
noted  in  abundance  on  the  checks.  The  beds  were  inoculated  again  after 
the  second  application  of  the  fungicides,  although  frequent  rains  in  the 
meantime  were  causing  satisfactory  spread.  One  week  after  the  second 
apphcation  the  plants  were  all  pulled,  examined  one  at  a  time,  and  data 
recorded  as  to  number  of  infections.  At  that  time  the  plants  were  of 
about  the  right  size  for  setting  in  the  field.  The  amount  of  control  is 
probably  indicated  more  nearly  by  the  number  of  spots  than  by  the  per- 
centage of  infected  plants.  A  hand-operated  2-gallon  compressed  air 
sprayer  was  used  for  appljdng  the  liquids,  and  a  D  and  B  No.  100  powder 
blower,  manufactured  by  the  Dust  Sprayer  Manufacturing  Company  of 
Kansas  City,  Mo.,  was  used  for  dusting. 
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Tabulation  of  Spraying  Results. 


Spbay  Material. 

Plot 
Number. 

Total 
Number 

of 
Plants. 

Number 

of 
Diseased 
Plants. 

Per  Cent 

of 

Plants 

infected. 

Average 
Per  Cent 
of  In- 
fection. 

Number 
>■  of 
Lesions 
per  Plot. 

None, 

5 

300 

196 

66.0   ■ 

936 

None,  . 
None,  . 

2 
16 

251 

265 

140 
96 

55.0 
36.0 

48.25 

549 
223 

None,  . 

12 

263     . 

95 

36.0   . 

215 

Lime-sulfur, 

9 

298 

168 

56.0 

56.0 

562 

Sulfur, 

18 

301 

19 

6.0 

6.0 

26 

Pyrox, 

6 

300 

5 

1.6   ' 

4.1 

(         ' 

Pyrox, 

10 

270 
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Notes  on  Substances  used,  and  Results. 

Lime-sulfur.  ■ —  The  ordinary  commercial  liquid  diluted  at  the  rate  of 
1  part  to  40.  Very  severe  burning  of  the  leaves  occurred  within  an  hour 
after  application.  Since,  in  addition,  no  control  was  secured,  it  is  apparent 
that  lime-sulfur  should  never  be  used. 

Pyrox.  —  A  commercial  Bordeaux  paste  (arsenical  included)  prepared 
by  the  Bowker  Insecticide  Company  of  Boston.  Applied  at  the  dilution 
of  10  pounds  to  50  gallons  of  water.  This  fungicide  was  washed  from  the 
leaves  by  the  rain  to  a  greater  extent  than  any  of  the  others. 

NuRexo.  —  A  Bordeaux  preparation  (arsenical  included)  in  form  of  a 
powder  prepared  by  the  Toledo  Rex  Spray  Company  of  Toledo,  Ohio- 
Diluted  at  rate  of  8  pounds  in  50  gallons  of  water.  Adhered  to  leaves  much 
better  than  Pyrox,  but  not  so  well  as  freshly  prepared  Bordeaux.  There 
was  a  slight  trace  of  burning,  but  not  serious. 

Freshly  Prepared  Bordeaux  Mixture.  —  The  ordinary  4-4-50  formula. 
This  was  washed  away  by  rain  least  of  all  the  substances  which  were  tried^ 
and  was  still  to  be  found  on  the  leaves  after  repeated  heavy  rains.  Na 
burning  occurred. 
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Bordeaux  Mixture  and  Lead  Arsenate.  —  The  Bordeaux  as  above,  but 
the  powdered  arsenical  added  at  the  rate  of  2  pounds  to  50  gallons  of 
water.  Some  of  the  leaves  were  burned.  There  seems  Httle  if  any  bene- 
fit to  be  derived  by  addition  of  the  lead  arsenate. 

Pickering's  Lime-water  Bordeaux.  —  The  clear  limewater  and  copper 
sulfate  solution  were  mixed  in  the  proportions  recommended  by  Cook  in 
United  States  Department  of  Agriculture  Bulletin  No.  866.  Considerable 
burning  was  observed,  especially  after  the  first  appHcation. 

Sidfur  Dust.  —  This  remained  on  the  leaves  very  well.  This  plot  did 
not  seem  to  grow  as  well  as  the  others  and  the  plants  were  "off  color." 
Since  the  percentage  of  control  was  not  so  high  as  for  some  of  the  others, 
it  is  not  to  be  recommended. 

Sanders  Dust.  —  A  very  finely  ground  lime-copper  suKate  dust  mixture 
prepared  by  Riches  Piver  &  Co.  of  New  York.  Spreads  well,  adheres  well 
and  causes  no  burning.  Both  this  and  the  sulfur  dust  were  appHed  while 
the  plants  were  wet  with  dew  or  rain. 

Spraying  Results  by  Growers. 
Three  tobacco  growers  followed  our  reconmiendations  and  sprayed  with 
Bordeaux  mixture  or  commercial  substitutes  of  the  same.     No  careful 
counts  of  results  were  made,  but  observations  showed  good  control,  and 
confirmed  our  results  on  the  station  plots. 

Conclusions  as  to  Spraying  and  Dusting. 

Lime-sulfur  and  sulfur  dust  do  not  give  sufficient  control;  Pickering's 
mixture  and  the  Bordeaux  with  the  addition  of  lead  arsenate  cause  burn- 
ing; Pyrox  gave  less  control  than  some  of  the  others  and  washed  from 
the  leaves  too  easily.  There  seems  to  be  little  choice  between  freshly 
prepared  Bordeaux  mixture,  NuRexo  and  Sanders  Dust.  The  percentage 
of  control  is  about  the  same  with  all,  and  there  is  very  little  injury.  The 
dust  can  be  more  quickly  and  easily  applied,  and  the  writers  believe  that 
it  can  be  made  to  more  nearly  cover  the  lower  surfaces  of  the  leaves.  They 
prefer  the  dust  to  the  liquid.  For  those  who  prefer  the  liquid  the  home- 
made Bordeaux  has  the  advantages  of  cheapness  and  better  adhesion. 
NuRexo,  as  well  as  other  commercial  Bordeaux  pastes  and  powders,  has 
the  advantage  of  being  already  prepared. 

These  conclusions  are  based  on  one  year's  experiments,  and  therefore 
should  not  be  accepted  as  absolute.  The  experiments  will  be  repeated  for 
several  years  before  final  conclusions  are  drawn. 

Aeration  and  Watering  of  Beds. 
As  a  result  of  observations  and  experiments  conducted  during  the  season, 
it  is  recommended  that  the  watering  of  the  beds  be  done  as  seldom  as  pos- 
sible, as  the  splashing  of  the  water  drops  from  plant  to  plant  was  found  to 
spread  the  disease  rapidly.    Most  of  the  beds  are  watered  too  much  and 
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the  humidity  is  often  very  high  under  the  sash.  Water  of  condensation 
dripping  from  the  sash  to  the  plants  also  appears  to  be  responsible  for 
some  spread.  The  beds  should  be  run  as  dry  and  with  as  much  air  cir- 
culation as  possible.  This  tends  to  dry  off  the  leaves,  and  helps  reduce 
the  spread  of  the  disease.  In  many  instances  where  this  was  practiced 
after  infections  were  found,  spread  was  much  slower  than  when  the  beds 
were  closed  tightly  and  very  little  if  any  air  circulation  permitted.  Care- 
ful attention  to  this  matter  will  result  also  in  stronger,  better  plants. 

Fertilizer  Relations. 
While  fertilizer  materials  are  not  directly  responsible  for  the  disease, 
there  is  apparently  a  relation  between  the  rapidity  of  spread  in  the  seed- 
bed and  the  application  of  excessive  amounts  of  some  materials.  This 
was  particularly  noted  in  the  case  of  nitrogen.  Where  excessive  amounts 
of  nitrogen  were  applied  to  infested  beds,  the  disease  was  much  more 
serious  on  the  parts  so  treated  than  on  those  sections  to  which  no  addi- 
tional nitrogen  was  applied.  It  was  also  noted  that  where  growers  applied 
potash  to  infested  beds  the  spread  of  the  trouble  was  less  than  on  sections 
of  the  beds  where  none  was  applied.  There  have  been  no  careful  experi- 
ments on  the  relation  of  fertilization  to  susceptibihty,  but  it  is  known 
that  excessive  nitrogen  applications  force  rapid  succulent  plant  growth, 
with  little  resistance  to  any  change  in  environment  or  disease  invasion. 
Potash  is  said  to  cause  strengthening  of  the  green  parts  of  the  plant,  and 
make  it  stockier  and  less  susceptible  to  disease  and  change  in  environment. 
This  question  cannot  be  considered  settled,  and  experiments  are  under 
way  to  check  up  on  this  point  as  related  specifically  to  wildfire. 


Selecting  Plants  from  Disease-free  Beds. 
Plants  from  infested  seed-beds  should  never  be  set  in  the  field,  even 
though  the  infection  is  slight.  During  the  past  season  it  was  observed 
that  although  plants  in  and  around  the  infected  areas  were  killed  out 
with  formaldehyde,  some  infection,  undeveloped  at  the  time,  appeared 
later,  and  subsequently  many  of  these  beds  became  heavily  infected. 
Many  of  the  lesions  are  so  small  and  inconspicuous  that  they  escape  any 
but  the  most  careful  observation.  A  single  observation  of  the  seed-bed 
in  the  early  part  of  the  season  is  not  an  indication  that  the  beds  will  remain 
free  from  disease.  This  was  shown  by  the  fact  that  there  were  two  and 
possibly  three  recurring  epidemics  this  past  spring,  the  last  occurring 
almost  at  the  end  of  the  setting  season.  It  was  the  experience  of  many 
growers  that  while  the  early  set  plants  from  their  beds  showed  none  of 
the  disease  in  the  field,  the  late  set  plants  developed  the  disease,  and  it 
was  also  noted  that  many  of  the  plants  used  for  restocking  showed  the 
trouble  even  when  pulled  from  the  same  beds  from  which  the  field  was 
set,  and  that  the  disease  occurred  only  on  these  plants. 
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Relative  Susceptibility  of  Varieties. 

In  the  seed-bed  the  different  varieties  of  tobacco  seem  to  show  no  dif- 
ference in  susceptibility  to  the  disease,  but  under  field  conditions  the 
spread  of  the  disease  seems  to  be  governed  somewhat  by  the  manner  and 
type  of  growth  of  the  variety.  Shade  Cuban  seems  to  be  but  little 
affected  with  the  trouble  after  setting  in  the  field.  Here  the  protection 
afforded  by  the  tent  undoubtedly  has  something  to  do  with  it,  as  the 
rain  and  wind  is  broken;  also  the  open  habit  of  growth,  with  the  leaves 
relatively  far  apart,  minimizes  the  chances  for  a  rapid  spread.  The  same 
is  true  of  the  Havana  to  a  less  extent,  the  leaves  of  this  variety,  also, 
having  an  upright  habit  of  growth,  and  touching  but  little. 

The  practice  of  priming  the  leaves  of  the  Shade  Cuban  and  some  of  the 
Havana  is  also  ah  important  factor  in  reducing  the  spread  of  the  disease, 
as  the  first  priming  is  made  early,  and  this  includes  usually  the  infected 
leaves.  In  this  way,  as  will  be  noted  under  the  subject  of  removal  of 
diseased  leaves,  a  large  amount  of  field  infection  probably  is  prevented. 
Perhaps  Broadleaf  suffers  most  of  all  the  varieties,  as,  when  the  leaves 
get  their  growth,  they  droop  and  touch  each  other  and  also  leaves  of 
near-by  plants,  and  thus  infection  occurs  more  easily. 

During  this  past  season  a  great  deal  of  late  infection  in  the  field  has 
been  observed,  i.e.,  many  fields  of  Broadleaf  showed  practically  no  infec- 
tion prior  to  topping,  but  after  a  few  days,  as  the  plants  were  maturing, 
showed  a  rapid  spread  of  the  disease.  Cases  have  been  called  to  the 
attention  of  the  writers  where  the  typical  halo  spots  were  found  on  all 
leaves  of  the  plant.  During  this  past  season  there  was  a  large  amount  of 
"rusf  on  Broadleaf  in  some  sections,  and  this  has  been  confused  by 
growers  and  others  with  true  wildfire.  The  writers  wish  to  point  out  the 
possibility  that  part  of  this  spotting  was  caused  by  excess  of  nitrogen  and 
•deficiency  of  potash,  not  sufficient  in  the  case  of  the  latter  to  show  symp- 
toms of  potash  hunger,  but  enough  to  cause  a  rusting.  This  rusting  occurs 
on  some  of  the  tobacco  in  Carolina,  and  has  been  demonstrated  to  be  a 
result  of  the  above-mentioned  conditions;  and  this  may  be  true  of  some 
of  the  spotting  of  Bjoadleaf,  and  possibly  the  other  varieties,  since  very 
little  potash  has  been  used  during  the  past  four  or  five  years.  There  is, 
however,  no  experimental  evidence  to  warrant  this  statement  as  a  fact 
so  far  as  our  Massachusetts  conditions  are  concerned. 

Removal  of  Diseased  Plants  or  Leaves  from  the  Field. 
When  the  disease  has  become  established  in  the  field,  spraying  opera- 
tions are  not  practicable.  The  only  promising  method  of  control  at  this 
stage  seems  to  be  the  elimination  of  diseased  plants  or  leaves.  If  infection 
in  a  field  is  found  to  be  pretty  general  early  in  the  season,  it  is  perhaps 
best  to  remove  all  the  plants  and  replant  from  a  bed  known  to  be  free 
from  the  disease,  if  such  can  be  found.    In  two  fields  containing  thirty- 
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five  acres  of  tobacco,  entire  removal  and  replanting  in  this  way  was  prac- 
ticed with  complete  success.  Practically  no  infection  was  found  in  either 
field  at  the  close  of  the  season.  If  the  infection  is  light  and  the  season  is 
not  far  advanced,  only  the  affected  plants  should  be  removed  and  de- 
stroyed, and  healthy  ones  from  disease-free  beds  substituted.  When  a 
Kght  infection  occurs  late  in  the  season  there  is  a  fair  chance  of  keeping 
it  under  control  by  careful  removal  of  the  diseased  leaves  only.  Good 
control  was  secured  in  this  manner  in  a  number  of  fields  which  came 
under  the  writers'  observation  during  the  past  season. 


WOKKING  ONLY  WITH  DeY  PlANTS. 

In  the  previous  pages  the  connection  of  water  with  dissemination  and 
infection  has  been  explained.  If  wildfire  is  known  to  be  present  and  one 
wishes  to  keep  it  under  control,  obviously  all  operations  should  cease 
when  the  leaves  are  wet  from  dew  or  rain. 


CONDENSED  RECOMMENDATIONS  FOR  CONTROL. 

1.  Save  seed  only  from  disease-free  plants. 

2.  Sterilize  seed. 

3.  Sterilize  seed-beds  with  steam  or  formaldehyde,  or,  when  the  disease 
has  been  in  beds  the  previous  year,  change  the  location  if  practicable. 

4.  Spray  or  wash  sash,  plank  or  cloth  with  formaldehyde. 

5.  Spray  or  dust  the  beds  with  a  fungicide  weekly  from  the  time  the 
plants  are  the  size  of  the  thumb  nail  until  setting  is  completed. 

6.  Water  beds  only  sufficiently  to  keep  plants  growing.     Ventilate 
thoroughly. 

7.  Set  plants  from  disease-free  beds  only. 

8.  If  badly  diseased  plants  are  found  in  the  field,  remove  and  destroy 
them. 

9.  If  infection  in  the  field  is  light  or  occurs  late  in  the  season,  pick  and 
destroy  the  diseased  leaves  when  they  are  not  wet  from  dew  or  rain. 

10.  As  far  as  possible  avoid  working  in  the  tobacco  when  the  leaves 
are  wet. 
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THIRTY  YEARS'  EXPERIENCE  WITH  SULFATE 
OF  AMMONIA. 


BY  F.   W.   MORSE. 


SuKate  of  ammonia  has  been  used  for  many  years  at  the  Massachusetts 
Agricultural  Experiment  Station  in  field  experiments  with  fertilizers. 
Sometimes  the  effects  have  been  excellent  and  at  other  times  positive 
injury  to  crops  has  apparently  been  caused  by  its  use.  The  object  of 
this  bulletin  is  to  show  the  conditions  under  which  sulfate  of  ammonia 
has  been  used,  and  to  point  out  the  way  that  seems  likely  to  give  favorable 
results  when  it  is  applied  as  a  fertilizer.  No  attempt  is  made  to  show  its 
effect  in  comparison  with  the  other  nitrogenous  fertilizers  used  on  ad- 
jacent plots  in  the  same  field.  The  comparative  results  have  been 
reported  from  year  to  year  in  the  publications  of  the  Experiment  Station, 
and  nitrate  of  soda  has  been  superior  to  the  sulfate  of  ammonia  in  crop 
production  per  unit  of  nitrogen. 

In  determining  the  significance  of  the  data  herein  presented,  the 
following  suggestions  may  be  of  value :  — 

1.  Sulfate  of  ammonia  as  a  source  of  nitrogen  was  used  year  after  year 
in  a  single  arbitrary  quantity.  It  is  fair  to  assume  that  had  the  appli- 
cation been  varied  in  amount,  as  indicated  by  the  probable  need  of 
nitrogen  of  the  crop  to  be  grown,  better  average  results  would  have  been 
secured.  Present  averages  include  years  in  which  sulfate  of  ammonia 
could  not  have  been  expected  to  bring  marked  response. 

2.  It  is  possible,  and  in  fact  probable,  that  to  depend  on  a  single  source 
of  nitrogen  is  unsound  fertilizer  practice.  What  would  have  happened 
had  the  sulfate  of  ammonia  been  combined  with  other  sources  of  nitrogen 
is  of  course  a  question. 

3.  The  amount  of  fertilizer  nitrogen  applied  as  sulfate  of  ammonia  was 
in  no  way  dictated  by  the  value  of  the  crop  to  be  grown.  This  being  the 
case,  any  computation  as  to  the  profits  derived  from  the  use  of  this 
material  is  absolutely  meaningless.  It  was  not  applied  on  any  profit- 
making  basis. 


84  MASS.  EXPERIMENT  STATION  BULLETIN  204. 


HiSTOEY  OF  Plots. 
The  plots  on  which  the  sulfate  of  ammonia  has  been  employed  were 
laid  out  in  1883  as  a  part  of  the  first  experiment  field  prepared  by  the 
late  C.  A.  Goessmann  after  the  founding  of  the  State  Agricultural 
Experiment  Station  in  1883.  During  the  first  six  years  the  field  was 
used  as  a  soil  test,  and  corn  was  grown  every  year.  In  1889  the  plans 
were  rearranged  to  permit  a  comparison  of  standard  nitrogenous  ferti- 
lizers, which  has  continued  to  the  present  time.  The  experiments  have 
been  described  with  more  or  less  detail  in  the  annual  reports  of  the 
Experiment  Station,  under  the  headings  Field  A,  and  Experiments  with 
Nitrogenous  Fertilizers.  The  earlier  reports  were  prepared  by  the  late 
Director  Goessmann,  ^  and  the  later  ones  by  Director  W.  P.  Brooks. ^ 

Soil  Conditions. 
The  surface  of  the  field  has  a  slight,  uniform  slope  toward  the  east 
and  south.  The  soil  and  subsoil  are  a  sandy  loam  classified  in  the  soil 
survey  of  the  Connecticut  Valley  as  Norfolk,  but  later  reclassified  as 
Merrimac.^  At  a  depth  of  4  to  5  feet,  as  shown  by  the  excavation  for 
drains,  the  field  is  underlain  by  the  boulder  clay  of  glacial  till.  The 
geological  formation  is  that  of  a  river  delta, ^  and  excavations  for  build- 
ings in  the  vicinity  of  the  plots  have  shown  no  stratification  in  the  under- 
lying earth,  but  irregular  masses  of  coarse  and  fine  material  so  hard  and 
compact  as  to  require  constant  use  of  the  pick  in  excavating.  Although 
the  surface  soil  is  quite  uniform,  there  is  considerable  variation  in  the 
depth  to  the  till,  which  possibly  causes  some  of  the  differences  between 
plots  handled  uniformly  alike. 

Fertilizer  and  Lime  Treatment. 

The  field  is  laid  out  in  11  plots  of  one-tenth  acre  each,  separated  from 
one  another  by  strips  5  feet  in  width.  A  drain  of  2-inch  tile  runs  length- 
wise through  the  center  of  each  plot  at  a  depth  of  3  feet,  and  empties 
into  a  well  formed  of  24-inch  tile,  4  feet  deep,  at  the  bottom  of  which  runs 
the  main  drain  along  the  eastern  border  of  the  field. 

The  plots  compared  in  this  report  are  numbered  4,  5,  6,  7,  8  and  9. 
Sulfate  of  ammonia  has  been  applied  to  5,  6  and  8  at  the  rate  of  225 
pounds  per  acre,  while  4,  7  and  9  have  received  no  nitrogen  since  1882, 
and  probably  a  number,  of  years  preceding  that. 

During  the  preliminary  soil  test,  1883-88,  plots  6  and  8  were  unferti- 
lized, while  5  received  sulfate  of  ammonia.  Since  1889  all  the  plots  have 
received  per  acre  80  pounds  of  available  phosphoric  acid  in  superphos- 
phates, and  125  pounds  of  potash  in  potash  salts.     Plots  4  and  5  have 

1  Mass.  Agr.  Expt.  Sta.,  Ann.  Repts.,  1883  to  1896,  incliisive. 

2  Mass.  Agr.  Expt.  Sta.,  Ann.  Repts.,  1897  to  1917,  inclusive. 

3  Soils  of  the  United  States.    Bui.  No.  55,  Bureau  of  Soils,  U.  S.  Dept.  Agr.,  p.  158. 
<  B.  K.  Emerson.     Geology  of  Old  Hampshire  County. 
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received  low-grade  sulfate  of  potash-magnesia,  while  6,  7,  8  and  9  have 
had  muriate  of  potash  applied  to  them. 

The  plots  have  had  appHcations  of  lime  at  irregular  intervals.  In 
1894,  plot  8  alone  received  a  small  application  of  air-slaked  lime  at  the 
rate  of  500  pounds  per  acre,  because  it  had  been  persistently  inferior  to 
all  others  in  production.  The  lime  produced  a  favorable  effect.  All  the 
plots  were  dressed  with  hydrated  lime  in  1898  and  again  in  1905,  at  the 
rate  of  1  ton  per  acre  each  time.  The  east  hah  of  each  plot  received  an 
appHcation  of  hydrated  lime  in  1909  at  the  rate  of  5,000  pounds  per  acre, 
and  again  in  1913  at  the  rate  of  4,000  pounds  per  acre. 

The  east  half  of  the  field  is  positively  moister  than  the  west  half,  so 
that  a  fair  comparison  between  the  yields  produced  with  lime  and  those 
without  it  cannot  be  made;  but  the  effects  of  liming  on  the  relations  of 
the  plots  to  each  other  can  be  determined. 

The  arrangement  of  the  plots  permits  the  comparison  of  yields  from  the 
plots  treated  with  sulfate  of  ammonia  with  the  yields  from  plots  without 
nitrogen  lying  directly  beside  them. 

Scheme  of  Fertilization  of  Plots. 
North. 

9.  No  nitrogen,  superphosphate,  muriate  of  potash. 

Lime. 
1898, 1905.  I  1898, 1905, 1909,  1913. 

8.  Sulfate  of  ammonia,  superphosphate,  muriate  of  potash. 

Lime. 
1894,  1898,  1905.  I  1894,  1898,  1905,  1909,  1913. 

7.  No  nitrogen,  superphosphate,  muriate  of  potash. 

Lime. 
1898,  1905.  I  1898,  1905,  1909,  1913. 

6.  Sulfate  of  ammonia,  superphosphate,  muriate  of  potash. 

Lime. 
1898,  1905.  I  1898,  1905,  1909, 1913. 

5 .  Siilf ate  of  ammonia,  superphosphate,  sulfate  of  potash-magnesia. 

Lime. 
1898,  1905.  I  1898,  1905,  1909,  1913. 

4.  No  nitrogen,  superphosphate,  sulfate  of  potash-magnesia. 

Lime. 
1898,  1905.  1  1898,  1905,  1909,  1913. 

South. 
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Yields  on  No-nitroge-n  Plots. 
The  yields  of  the  plots  without  nitrogen,  4,  7  and  9,  have  been  closely 
studied  to  ascertain  whether  there  were  any  consistent  differences  in  their 
production  which  might  be  due  to  variations  in  soil;  but  no  uniform 
relations  have  been  found.  During  the  thirty  years,  1889-1918,  there 
was  but  one  season,  1892,  when  the  yields  of  the  three  were  closely  alike. 
Sometimes  one  plot  has  been  the  best  and  at  other  times  the  poorest. 
Plot  7  has  been  the  highest  in  twelve  years  and  the  lowest  in  seven,  while 
plot  4  was  highest  in  eleven  and  lowest  in  fifteen  years;  therefore  7  may 
be  a  little  the  best,  while  4  has  been  possibly  a  bit  poorer  than  9.  But  the 
differences  are  slight  and  cannot  be  used  to  explain  the  variations  in 
yields  on  the  plots  receiving  sulfate  of  ammonia.  Previous  to  1910  the 
divergences  between  the  highest  and  the  lowest  yields  on  these  plots 
without  nitrogen  were  often  from  25  to  30  per  cent,  and  even  more,  while 
after  the  somewhat  heavy  liming  in  1909  —  though  it  covered  only  one- 
half  the  area  • — ■  the  divergences  were  nearly  always  less  than  10  per  cent. 

Yields  on  Sulfate  op  Ammonia  Plots. 

The  yields  on  the  plots  which  receive  suKate  of  ammonia  have  been 
somewhat  erratic,  with  first  one  plot  and  then  the  other  showing  marked 
inferiority  to  the  other  two,  and  also  to  the  adjacent  plots  which  receive 
no  nitrogen.  There  is  an  indication  from  the  flow  of  drainage  water 
that  plot  8  may  have  soil  slightly  more  open  in  texture  than  the  soil  of 
5  and  6;  otherwise  there  is  no  apparent  reason  for  the  variations  that 
have  occurred  in  the  yields  of  these  plots  in  different  seasons,  by  which 
8  has-  oftenest  been  the  lowest  producer. 

Tables  of  rainfall  and  crop  yields  are  given  on  pages  88  and  89.  The 
gross  weights  of  crops  for  the  individual  plots  are  used  without  division 
into  grain  and  straw  when  the  cereals  are  listed.  Nitrogen  is  definitely 
known  to  be  a  promoter  of  plant  growth  rather  than  maturity,  hence 
the  total  weight  per  plot  is  a  proper  measure  of  the  crop-producing  power 
of  a  nitrogenous  fertilizer. 

Crops  Grown. 

Eight  different  kinds  of  crops  have  been  grown  in  the  period  of  thirty 
years  covered  by  the  tables.  Each  kind  of  crop  is  taken  up  separately 
in  discussing  the  comparative  yields  from  the  plots  with  sulfate  of  am- 
monia and  from  those  without  it. 

Corn.  —  Corn  has  been  grown  in  five  of  the  seasons  included  in  this 
summary.  The  first  crop  was  in  the  first  year  of  the  experiment.  Corn 
had  been  grown  continuously  since  1883,  and  soil  conditions  had  become 
such  that  the  3deld  was  smaller  than  in  any  of  the  subsequent  years; 
therefore  this  year  will  not  be  considered  in  the  discussion.  The  four 
crops  to  be  compared  were  grown  under  somewhat  varied  conditions  of 
soil  and  prevdous  cropping. 
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The  crop  of  1906  followed  the  1905  crop  of  oats  and  peas  when  the 
land  was  limed.  The  sulfate  of  ammonia  plots  produced  about  20  per 
cent  more  weight  than  the  plots  without  nitrogen.  In  1911  the  corn 
followed  four  successive  years  of  hay  production,  including  some  clover, 
and  an  application  of  lime  over  the  east  half  of  the  plots  in  the  fall  of 
1909.  The  yields  without  nitrogen  exceeded  those  with  ammonia  by  a 
small  amount,  between  2  and  3  per  cent.  Corn  was  raised  again  the  next 
year,  and  the  results  were  changed,  the  ammonia  plots  producing  about 
7  per  cent  more  weight.  The  spring  months  of  1911  were  dry,  also  June 
and  July  of  1912.  In  1918  corn  was  the  last  crop  of  this  period.  It  had 
been  preceded  by  potatoes  in  1917,  millet  in  1916  and  clover  in  1915, 
previous  to  which  (in  1913)  the  east  half  of  the  plots  had  been  heavily 
limed.  The  crop  from  the  limed  and  unlimed  areas  was  harvested  sepa- 
rately. In  the  presence  of  lime,  the  ammonia  plots  produced  an  increase 
of  28  per  cent  over  the  no-nitrogen  plots,  while  without  lime  they  were 
shghtly  inferior  to  the  plots  without  nitrogen. 

Table  III.  —  Average  Yield  of  Corn  (Ears  and  Stover)  (Poimds  per  Acre). 


1889. 

1906. 1 

1911.  = 

1912. 

1918. 3 

Unlimed. 

Limed. 

No  nitrogen,       .... 
Sulfate  of  anamonia,  . 

4,600 
4,630 

8,940 
10,690 

10,150 
9,880 

9,980 
10,720 

8,680 
8,420 

11,380 
14,640 

Percentage  increase,     . 

- 

19 

7 

- 

28 

1  After  oats  and  peas  with  lime. 

2  After  clover  with  lime  applied  to  half  area. 

3  Last  limed  in  1913  over  half  area. 


Oats.  —  Seven  crops  of  oats  were  grown  during  the  years  covered  by  the 
experiment.  The  first  crop  (1890)  followed  the  continuous  corn  culture 
practiced  for  seven  years.  The  next  three  crops  (1893,  1895,  1897) 
alternated  with  crops  of  soj^  beans.  In  1898  the  crop  followed  the  oats 
of  1897,  but  the  land  was  limed  before  seeding  at  the  rate  of  2,000  pounds 
per  acre  of  air-slaked  lime,  and  the  oats  were  sown  as  a  nurse  crop  for 
clover.  In  1905  oats  were  combined  with  field  peas  and  followed  a  crop 
of  potatoes,  and  the  land  was  again  limed  at  the  rate  of  2,000  pounds  of 
air-slaked  lime  per  acre.  Up  to  this  point  the  land  had  been  plowed 
every  year  since  1883,  except  1899.  In  1914  oats  were  sown  as  a  nurse 
crop  for  clover,  after  three  years  of  tilled  crops,  —  two  of  corn  and  one 
of  Japanese  millet.  The  east  half  of  the  plots  had  been  limed  in  1909 
and  1913.  The  last  two  crops  of  oats  were  cut  for  hay  and  the  others 
were  permitted  to  ripen  the  grain.  The  rainfall  in  1890,  1893  and  1895 
had  been  well  distributed  during  the  months  of  growth,  and  was  about 
normal  in  amount. 
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Table  I.  —  Rainfall  in  Inches. 


Yeab. 

April. 

May. 

June. 

July. 

August. 

Septem- 
ber. 

Total  for 
Year. 

1889 

2,87 

4.71 

5.01 

7.55 

2.35 

2.36 

40,37 

1890 

1.35 

4.56 

1.42 

5.23 

4,06 

4,86 

39.48 

1891,    .... 

1.55 

1.64 

4.36 

4.93 

3,43 

1.78 

34.82 

1892,    .... 

.54 

4.73 

2.61 

3.28 

5,23 

1.29 

40,35 

1893 

2.20 

3.17 

2.42 

1.77 

2.10 

1.88 

46,94 

1894 

9.85 

2.92 

1.69 

.99 

.19 

2.38 

32.64 

1895 

5.56 

2.07 

2.76 

3.87 

3,46 

5,04 

44,46 

1896,    .... 

1.32 

2.58 

2.57 

4.96 

3,84 

5,41 

39.66 

1897,    .... 

2.42 

4.38 

6.65 

14.511 

4,29 

1.94 

57,05 

1898 

3.73 

5.61 

3.69 

4.09 

6,85 

3,65 

53,89 

1899 

1.79 

1.28 

4.13 

4.89 

2.00 

7,90 

41.49 

1900 

1.85 

3.78 

3.65 

4.67 

4,11 

3.67 

51,67 

1901 

5.95 

6.91 

.87 

3.86 

6,14 

4,17 

49,72 

1902 

3.31 

2.32 

4.54 

4.66 

4,65 

5,83 

46,99 

1903 

2.30 

.48 

7.79 

4.64 

4,92 

1.66 

45,45 

1904 

5.73 

4.55 

5.35 

2.62 

4,09 

5,45 

45,30 

1905 

2.56 

1.28 

2.86 

2.63 

6,47 

6,26 

38.80 

1906 

3.25 

4.95 

2.82 

3.45 

6,42 

2,59 

45,45 

1907 

1.98 

4.02 

2.36 

2,87 

1.44 

8,74 

42,27 

1908 

1.97 

4.35 

.76 

3.28 

4.27 

1.73 

30.68 

1909,    .        .        . 

5.53 

3.36 

2.24 

2.24 

3.79 

4,99 

39.12 

1910,    .... 

3.07 

2.67 

2.65 

1.90 

4.03 

2,86 

36.11 

1911 

1.87 

1.37 

2.02 

4.21 

5.92 

3,41 

44.21 

1912,    .... 

3.92 

4.34 

.77 

2.61 

3.22 

2,52 

33.56 

1913 

3.30 

4.94 

.90 

1.59 

2.26 

2.56 

39.50 

1914,    .... 

6.59 

3,56 

2.32 

3.53 

5.11 

.52 

41.83 

1915 

3.99 

1.20 

3.00 

9,13 

8.28 

1.37 

51.68 

1916 

3.69 

3.21 

5.34 

6,85 

2.49 

5,08 

45,61 

1917,    .... 

1.83 

4.13 

5.27 

3,36 

7.06 

2.42 

43,56 

1918,    .... 

2.78 

2.47 

4.01 

1.84 

2.22 

7,00 

37.47 

1  Eight  inches  the  13th  and  14th. 

Black-face  type  shows  a  rainfall  much  less  than  normal.  It  may  be  noted  that  from  1907  to 
1913  there  was  a  period  of  deficient  rainfall,  and  the  soil  grew  drier  and  drier  each  succeeding  year. 
A  short  period  of  spring  or  summer  drought  during  these  years  was  responsible  for  pronounced 
ill  effects  from  the  sulfate  of  ammonia,  although  the  liming  of  one-half  the  area  conceals  the 
injury  in  the  averages.  The  period  following,  as  a  whole,  had  a  high  rainfall,  and  toxic  effects 
from  the  ammonia  salt  were  not  noticeable  on  the  unlimed  area.  In  1918  another  period  of  low 
rajnfall  occurred,  running  over  into  the  spring  of  1919,  when  corn  was  particularly  affected  by 
the  sulfate  of  ammonia  on  the  unlimed  sections  of  plots  5  and  6,  as  described  in  detail  toward 
the  end  of  this  bulletin. 
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Table  II.  —  Crop  Yields  {Pounds  per  Plot). 


Year. 


Crop. 


Plot  4. 
No 

Nitro- 
gen. 


Plot  5. 
Sulfate 
of 
Am- 
monia. 


Plot  6. 
Sulfate 
of 
Am- 
monia. 


Plot  7. 

No 
Nitro- 
gen. 


Plot  8. 

Sulfate 

of 

Am- 


Plot  9. 
No 

Nitro- 
gen. 


1889 
1890 
1891  = 
1892 
1893 

1894- 
1895 
1896 
1897 


1899 
1900 
1901 
1902 
1903 

1904 

19054 

1906 

1907 

1908 

19095 

1910 

1911 

1912 

19135 

1914 
1915 
1916 
1917 
1918 


Corn  (ears  and  stover), 
Oats  (grain  and  straw), 
Rye  (grain  and  straw), 
Soy  beans,  green, 
Oats  (grain  and  straw). 

Soy  beans,  green, 
Oats  (grain  and  straw). 
Soy  beans,  green, 
Oats  (grain  and  straw), 
Oats  (grain  and  straw). 

Clover  hay. 

Potatoes,     . 

Soy  beans  (seed  and  straw) 

Potatoes,     .... 

Soy  beans  (seed  and  straw) 


Potatoes,     . 

Oats  and  peas  (hay). 

Corn  (ears  and  stover). 

Clover  hay. 

Clover  hay. 

Clover  hay. 
Hay,    .... 
Corn  (ears  and  stover), 
Corn  (ears  and  stover), 
Japanese  millet  (hay). 


Oats  (hay). 

Clover  hay, 

Japanese  millet  (seed  and  straw) 

Potatoes,     .... 

Corn  (ears  and  stover). 


381 
260 
390 
1,440 
590 

405 

343 

1,130 

.     189 

136 

325 
1,387 

428 
1,011 

269 

758 
435 
957 
340 
340 

395 
640 

1,047 
950 
730 

190 
845 
585 
1,890 
936 


360 

530 

1,935 

630 

645 
550 
1,582 
477 
238 

340 
1,343 

393' 
1,002 

246 

1,059 
565 

1,048 
295 
358 

437 

722 

9961 

1,056 

1,020 

230 
7701 
5801 
1,664 
1,045 


541 
385 
400 
1,970 
600 

615 
560 
1,870 
372 
269 

340 
1,247 

485 
1,218 

183 

694 
660 
1,044 
2221 
2151 

420 

700 

1,010 

1,043 

1,120 

290 

835 

675 

1,669 

1,123 


525 
320 
450 
1,430 
550 


428 

1,240 

197 

167 

342 
1,268 

385 
1,114 

177 

694 
480 
850 
300 
463 

315 

675 

956 

1,034 

670 

205 

783 

645 

1,459 

1,055 


3591 
2201 

1,4501 
4201 

680 
450 
1,980 
477 
278 

420 

1,215 

423 

978 
225 

876 
690 
1,115 
260 
505 

450 
6801 
9581 
1,118 
1,220 

335 

820 

675 

1,644 

1,291 


475 

290 

425 

1,460 


470 
430 
1,060 
205 
171 

390 
1,108 

382 
1,013 

125 

1,066 
390 
875 
260 

■    465 

375 

705 

1,042 

1,010 

670 

200 

800 

640 

1,463 

1,018 


1  Sulfate  of  ammonia  was  apparently  injurious. 

2  Crop  on  plot  8  destroyed  by  insects. 

3  Plot  8  received  an  application  of  lime. 

4  All  plots  limed  on  their  entire  area. 

6  The  east  half  of  every  plot  was  limed. 
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Of  the  plots  receiving  ammonia,  No.  8  made  the  poorest  yield  year 
after  year  mthout  regard  to  kind  of  crop.  In  1897  and  1898  the  seasons 
were  excessively  wet,  and  plot  8  equaled  or  exceeded  the  other  plots.  It 
has  been  mentioned  that  this  plot  has  appeared  to  be  a  little  drier  than 
the  remainder  of  the  field,  which  accords  with  its  variable  yields  in  the 
different  seasons. 

The  sulfate  of  ammonia  was  beneficial  in  each  year,  but  in  1893,  a  year 
of  well-distributed  average  rainfall,  the  plots  without  nitrogen  yielded 
their  maximum  crop  and  nearly  equaled  the  yields  of  the  anmionia  plots. 
In  1897  and  1898  the  ammonia  produced  marked  increases  in  yields  under 
adverse  conditions  of  heavy  rainfall  and  wet  soil. 

Table  IV.  ■ —  Average  Yield  of  Oats  (Grain  and  Straw)  (Pounds  per  Acre). 


1890. 

1893. 

1895. 

1897. 

1898. 1 

1905. 1 

1914. 1 

Un- 
limed. 

Limed. 

No  nitrogen, 

Sulfate  of  ammonia,  . 

2,900 
3,220 

5,400 
5,500 

4,000 
5,200 

1,970 
4,420 

1,580 
2,620 

4,350^ 
6,380'' 

1,420-' 
2,160  = 

2,5302 
3,5302 

Percentage  increase,     . 

" 

2 

30 

124 

65 

46 

52 

39 

1  Limed  in  1898  and  1905  over  whole  area,  and  in  1909  and  1913  over  half  area. 

2  Harvested  as  hay. 


I 


Soy  Beans.  ■ —  Five  crops  of  soy  beans  were  grown  in  this  experiment. 
Three  of  them  (1892,  1894  and  1896)  alternated  with  grain  crops  and 
were  cut  and  weighed  green.  The  season  of  1894  was  extremely  dry,  with 
but  9  inches  of  rain  from  April  1  to  October  1;  consequently  the  yield 
in  this  season  was  much  less  than  in  the  other  two,  when  the  rainfall  was 
about  normal.  Plot  8  was  given  a  light  dressing  of  lime  in  1894,  which 
resulted  in  maximum  yields  on  this  plot  in  both  1894  and  1896. 

The  other  two  crops  were  grown  in  1901  and  1903  and  followed  potatoes 
in  each  case.  In  1898  the  field  had  been  limed  over  its  entire  area.  The 
two  crops  ripened  their  seed,  and  the  weights  of  the  combined  straw  and 
beans  are  given.  The  rainfall  was  abundant  as  a  whole,  but  June,  1901, 
and  May,  1903,  were  each  dry  months,  and  may  have  influenced  the 
yields  somewhat.  i 

In  the  earlier  period  sulfate  of  ammonia  produced  a  marked  effect  on 
the  crops,  reaching  a  maxunum  of  nearly  60  per  cent  increase  in  1896. 
The  crops  of  the  second  period  were  benefited  but  little  by  the  am- 
monia. Probably  by  this  time  the  soil  had  become  naturally  inoculated 
with  the  soy  bean  bacteria  for  fixing  nitrogen  from  the  air,  for  the  soy 
beans  grew  nearly  as  well  on  the  plots  without  nitrogen  as  on  those  which 
received  sulfate  of  ammonia.  In  1901  it  was  recorded  that  nodules  were 
abundant  on  the  roots. 
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Table  V.  —  Average  Yield  of  Soy  Beans  {Pounds  per  Acre). 


1892. 1 

1894. 1 

1896. 1 

1901. 2 

1903. = 

No  nitrogen,         .... 
Sulfate  of  ammonia,    . 

14,430 
17,850 

4,520 
6,470 

11,430 
18,110 

3,980 
4,340 

1,900 
2,180 

Percentage  increase, 

23 

43 

58 

9 

14 

1  Weight  in  green  state. 


Weight  dry  and  ripe. 


Potatoes.  —  Potatoes  have  been  grown  four  times,  three  of  them  in 
alternate  years,  1900, 1902  and  1904,  in  which  period  the  first  crop  followed 
clover  and  the  other  two  followed  soy  beans.  The  soil  had  been  limed  in 
1898.  The  seasons  were  all  normal  in  rainfall.  In  these  three  years  it  is 
noticeable  that  the  crop  steadily  diminished  year  by  year  on  all  plots, 
and  in  no  year  was  there  any  appreciable  benefit  from  the  sulfate  of 
ammonia;  neither  can  it  be  said  to  have  injured  the  crop,  as  the  soil 
gradually  lost  the  effects  of  the  lime  of  1898.  It  must  be  considered  that 
either  clover  or  lime  had  a  more  positively  favorable  result  than  soy  beans 
or  sulfate  of  ammonia. 

In  1917  potatoes  followed  millet,  which  in  turn  was  preceded  by  clover 
in  1915.  The  east  haK  of  each  plot  had  been  heavily  limed  in  1913.  On 
the  limed  areas  there  was  no  advantage  from  the  sulfate  of  ammonia. 
On  the  unlimecl  areas  there  was  a  small  gain  from  its  use.  The  unlimed 
areas  had  received  no  lime  since  1905,  while  the  limed  had  been  dressed 
in  1909  as  well  as  in  1913.  Under  the  conditions  of  this  experiment, 
which  are  in  no  case  abnormal,  sulfate  of  ammonia  w-as  of  little  benefit 
to  potatoes. 

Table  VI.  — Average  Yield  of  Potatoes  (Pounds  per  Acre). 


1900. 1 

1902. = 

1904. 2 

1917. 3 

Unlimed. 

Limed. 

No  nitrogen,.        .... 
Sulfate  of  ammonia,    . 

12,640 
12,680 

10,690 
10,660 

8,390 
8,760 

12,060 
12,900 

20,020 
19,340 

Percentage  increase. 

1 

- 

4 

7 

- 

1  After  clover. 


-  After  soy  beans. 


3  Lime  last  applied  in  1913  over  half  area. 


Grass  and  Clover.  —  A  hay  crop  consisting  largely  of  clover  has  been 
grown'  in  six  of  the  years,  but  not  in  any  systematic  rotation. 

The  first  crop  was  red  clover  in  1899.  It  had  been  sown  the  previous 
year  with  oats  as  a  nurse  crop,  and  the  land  received  a  dressing  of  lime 
over  the  whole  area.  The  clover  was  winterkilled  somewhat,  and  w^as 
unevenly  distributed.  There  was  a  small  gain  on  the  plots  receiving  the 
sulfate  of  ammonia. 


92 


MASS.  EXPERIMENT  STATION  BULLETIN  204. 


The  crop  of  1915  was  produced  under  similar  conditions.  The  plots 
were  seeded  in  the  spring  of  1914  with  oats  as  a  nurse  crop.  The  soil  had 
been  heavily  limed  in  1913  on  the  east  half  of  the  plots,  but  the  west  half 
had  received  none  since  1905.  The  clover  was  sown  in  a  mixture  with 
redtop  and  timothy.  After  the  oats  were  cut  the  rainfall  was  sufficient 
to  start  the  clover  promptly,  and  it  grew  faster  than  the  timothy  and 
redtop  except  on  the  unlimed  parts  of  the  sulfate  of  ammonia  plots,  where 
redtop  became  the  principal  crop.  No  cutting  was  made  that  season, 
and  the  clover  and  redtop  wintered  in  perfect  condition.  The  two  halves 
of  each  plot  were  harvested  and  weighed  separately.  On  the  unlimed 
half  the  clover  without  nitrogen  outyielded  the  redtop  with  sulfate  of 
ammonia,  but  on  the  limed  half  the  sulfate  of  ammonia  produced  about 
10  per  cent  more  clover  than  was  produced  without  it.  The  rainfall  was 
well  distributed  during  the  growing  periods  of  1899  and  1915. 

Four  of  the  clover  crops,  consisting  of  alsike  clover,  were  grown  in  four 
successive  years  (1907,  1908,  1909  and  1910)  as  annual  crops.  The  first 
crop  was  sown  in  the  corn  in  the  summer  of  1906.  It  did  not  winter 
satisfactorily,  and  after  the  hay  had  been  removed  in  1907  the  land  was 
plowed  and  reseeded  with  clover.  Conditions  repeated  themselves  in 
1908  and  again  in  1909.  In  no  season  was  there  a  good  stand  of  alsike 
clover,  but  the  vacant  spaces  filled  up  with  weeds  or  volunteer  grasses. 
The  rainfall  in  1906  and  1907  was  normal;  in  1908,  1909  and  1910  it 
was  continuously  below  normal,  but  in  general  was  well  distributed,  and 
the  soil  grew  steadily  drier.  The  crop  of  1909  was  from  one-fourth  to 
one-half  weeds  by  actual  weights.  It  was  the  only  year  of  the  four  in 
which  the  plots  receiving  sulfate  of  ammonia  considerably  exceeded  in 
yield  those  without  nitrogen.  In  the  fall  of  1909  the  east  half  of  the 
plots  was  top-dressed  with  hydrated  lime,  and  in  1910  the  crop  con- 
sisted of  much  more  timothy  than  clover,  with  a  slight  gain  on  the 
ammonia. 

Table  VII.  — Average  Yield  of  Hay  {Pounds  per  Acre). 


1899. 1 

1907. 1 

1908. 1 

1909. 1 

1910. 2 

1915. 2 

Un- 
limed. 

Limed. 

No  nitrogen, 
Sulfate  of  ammonia, 

3,520 
3,670 

3,000 
2,590 

4,230 
3,590 

3,620 
4,360 

6,730 
7,010 

8,130 
7,300 

8,050 
8,870 

Percentage  increase. 

4 

- 

- 

20 

4 

- 

10 

1  Lime  applied  in  1898  and  1905  over  whole  area. 

2  Lime  applied  in  the  fall  of  1909  and  in  1913  over  half  area. 


Japanese  Barnyard  Millet.  —  This  has  been  grown  twice  and  the  two 
crops  have  been  produced  under  quite  different  conditions.  The  first 
crop  was  grown  in  1913  and  followed  two  successive  corn  crops.  The 
soil  had  been  limed  on  the  east  half  of  the  plots  in  1909  and  1913.     The 
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millet  was  cut  for  hay  when  the  seed  had  formed  but  had  not  filled  out. 
The  crop  of  1916  was  a  catch  crop.  The  land  had  produced  an  excellent 
crop  of  clover  the  preceding  year,  and  the  stubble  had  been  plowed  under. 
Potatoes  were  planted  early  in  the  spring  of  1916,  but  the  stand  proved 
too  uneven  to  be  satisfactory  for  the  experiment,  and  the  land  was  plowed 
and  seeded  to  millet  in  the  early  summer.  The  crop  was  ripened  and  cut 
for  seed. 

In  1913  continuous  tillage  with  corn  for  two  years  had  used  most  of  the 
organic  nitrogen  in  the  soil,  and  the  sulfate  of  ammonia  plots  yielded  60 
per  cent  more  than  those  without  nitrogen.  In  1916,  when  there  was  a 
lot  of  organic  nitrogen  from  the  clover  stubble,  the  no-nitrogen  plots 
produced  almost  as  well  as  those  with  ammonia. 

Table  VIII.  —  Average  Yield  of  Japanese  Millet  {Pounds  per  Acre). 


1913. 1 

1916. 2 

No  nitrogen 

Sulfate  of  ammonia 

6,900 
11,200 

6,230 
6,430 

Percentage  increase 

62 

3 

1  Limed  over  half  area.    Crop  harvested  as  hay. 
-  After  clover.    Crop  ripened  for  seed. 


Summary  of  Results  by  Crops. 

Corn  was  benefited  by  the  sulfate  of  ammonia  in  1906,  1912  and  1918 
where  lime  was  present  and  the  land  had  not  recently  been  in  sod.  In 
1911,  following  four  years  of  grass  and  clover,  the  ammonia  was  in- 
effective. Without  lime,  on  old  ground,  in  1889  and  1918,  ammonia  was 
ineffective. 

Oats  responded  to  sulfate  of  ammonia  every  year  in  which  they  were 
grown.  The  crop  was  least  responsive  in  1893,  which  was  a  season  of 
favorable  rainfall,  and  the  plots  without  nitrogen  gave  a  maximum  yield. 

Soy  beans  were  benefited  by  the  sulfate  of  ammonia,  but  its  effective- 
ness grew  less  as  natural  inoculation  of  the  soil  developed. 

Potatoes  received  little  benefit  from  the  ammonia  under  the  conditions 
of  the  experiment. 

Clover  was  discouraged  by  sulfate  of  ammonia  in  the  absence  of  lime. 
Redtop  was  benefited  by  the  ammonia  without  lime.  Grasses  in  general 
require  lime  with  the  sulfate  of  ammonia. 

Japanese  millet  was  much  increased  by  the  sulfate  of  ammonia  on  old 
ground;  but  following  clover  the  ammonia  had  but  little  effect. 
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History  of  the  Plots  in  1919  and  1920. 

Corn  and  hay  have  been  produced  in  the  two  years  succeeding  the 
period  that  has  been  included  in  the  tables  and  summary.  In  1919  the 
plots  received  an  application  of  ground  limestone  at  the  rate  of  2,000 
pounds  per  acre.  The  lime  was  applied  on  the  north  half  of  each  plot, 
lengthwise  of  the  area,  instead  of  on  the  east  half  crosswise  of  the  plots, 
as  heretofore.  Plot  6  received  no  lime  at  this  time,  while  its  duplicate, 
plot  8,  was  limed  throughout.  This  rearrangement,  it  is  believed,  will 
lead,  as  time  passes,  to  a  fairer  comparison  between  the  results  obtained 
with  lime  and  those  without  lime. 

In  the  preparation  of  the  preceding  tables  it  was  deemed  best  not  to 
include  the  crop  of  1919,  while  that  of  1920  had  not  yet  been  produced. 
Now  it  seems  proper  to  place  them  by  themselves  and  amplify  the  results 
already  shown. 

The  crop  in  1919  was  corn,  which  was  grown  as  a  preliminary  step  to 
seeding  with  grass  in  the  summer.  Hay  from  mixed  timothy,  redtop  and 
clover  was  produced  in  1920.  The  rainfall  for  the  two  years  and  the  crop 
yields  are  tabulated  below. 


Table  IX.  —  Crop  Yields  of  1919  and  1920  {Pounds  per  Acre). 


1919. 

1920. 

Corn  (Ears  and 
Stover). 

Hay  from  Mixed 
Grasses. 

Unlimed. 

Limed. 

Unlimed. 

Limed. 

No  nitrogen 

Sulfate  of  ammonia,  .... 

7,520 
8,480 

8,060 
10,120 

2,760 
4,620 

3,540 
6,480 

Percentage  increase,     . 

12 

25 

67 

83 

Table  X.  — 

Rainfall,  Seasons  of  1919  and  1920. 

April. 

May. 

June. 

July. 

August. 

Septem- 
ber. 

Total  for 
Year. 

1919 

1920 

2.37 

4.71 

6.20 
3.65 

1.09 

6.26 

4.17 
2.06 

4.81 
3.62 

4.25 
6.74 

41.42 
50.09 

The  value  of  lime  in  conjunction  with  sulfate  of  ammonia  is  well  shown 
in  these  two  crops.  Although  the  ammonia  produced  an  increase  without 
lime,  the  gain  with  lime  was  much  greater.  The  absence  of  clover  from 
the  unlimed  areas  in  1920  was  striking,  and  redtop  was  the  m.ain  crop 
instead.  On  unlimed  areas,  with  both  corn  and  grass,  sulfate  of  ammonia 
showed  injurious  effects  which  are  discussed  later. 
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Peculiar  Effects  of  Sulfate  op  Ammonia. 

A  comparison  of  the  crop  yields  from  the  plots  receiving  sulfate  of 
ammonia  with  those  from  the  plots  without  nitrogen  reveals  some  striking 
extremes  in  the  effects  of  the  ammonia  compound  on  plant  growth.  The 
largest  percentage  of  gain  produced  by  the  sulfate  of  ammonia  was  on 
oats  in  the  years  1897  and  1898,  when  rainfall  was  unusually  high  and 
the  actual  yields  were  among  the  lowest  of  the  entire  period.  There  are 
frequent  instances,  on  the  other  hand,  when  the  crops  on  the  plots  without 
nitrogen  were  better  than  those  with  sulfate  of  ammonia,  which  in  some 
cases  appeared  to  have  been  positively  injurious.  These  ill  effects  were 
irregular,  and  seldom  occurred  on  all  three  ammonia  plots  in  one  season. 
A  study  of  the  rainfall  has  shown  that  these  apparently  injurious  effects 
occurred  in  seasons  when  there  was  a  drought  in  May  or  June.  Applica- 
tions of  lime  have  remedied  the  injurious  action,  but  at  the  same  time 
have  tended  to  bring  up  the  yields  on  the  plots  without  nitrogen,  so  that 
the  percentages  of  increase  due  to  the  ammonia  are  seldom  large. 

Examination  of  the  soils  from  the  different  plots  of  Field  A  has  shown 
that,  in  the  absence  of  lime,  the  sulfate  of  ammonia  forms  soluble  sulfates 
of  manganese,  aluminium  and  iron,  sometimes  one,  sometimes  another, 
and  again  all  three.  ^  Any  one  of  these  substances,  if  present  in  com- 
paratively small  amount,  has  been  shown  to  be  poisonous  to  plants,  espe- 
cially to  clover. 

The  rearrangement  of  the  limed  areas  in  1919  resulted  in  four  distinct 
gradations  of  limed  soil,  as  follows :  ■ — 

T      .1-       J  ■     innr  f  Plots  4,  5,  7,  9,  SouthwGst  quarter. 

Last  limed  in  1905,     .  .  .  .  •  <  -r^,      „  \,J      ,    ,r 

!  Plot  6,  West  half. 

T      ,  1-      J  •     inio  I  Plots  4,  5,  7,  9,  Southeast  quarter. 

Last  limed  m  1913,     .  .  .  .  .  <  t^,      „  V^       ,    ,, 

I  Plot  6,  East  half. 

T-j-innr       jinir.  I  Plots  4,  5,  7,  9,  Northwest  quarter. 

Limed  in  1905  and  1919,      .  .  .  -  <  ^,  ,„       ,    ,„ 

\  Plot  8,  West  half. 

T-       1  ■     mio       J  ir.ir.  J  Plots  4,  5,  7,  9,  Northeast  quarter. 

Limed  m  1913  and  1919,      .  .  .  .  <  ^,  '  ,    ,„ 

\  Plot  8,  East  half. 

In  1919  there  was  a  very  striking  injury  to  corn  on  the  long  unlimed 
parts  of  plots  5  and  6.  Injury  was  not  apparent  on  plot  8,  as  the  entire 
plot  had  been  limed  that  spring.  The  plants  were  stunted  in  size;  the 
lower  leaves  were  light  colored,  reddish  and  yellowish  in  streaks,  and 
ultimately  turned  brown  and  became  dry  and  brittle.  Samples  of  these 
leaves  were  dried  and  incinerated,  and  the  ash  gave  a  bright  greenish 
blue  reaction  when  fused  with  sodium  carbonate,  showing  that  manganese 
was  present  in  noticeable  amount.  This  was  undoubtedly  the  cause  of 
the  injury. 

The  field  was  seeded  with  a  mixture  of  timothy,  redtop  and  clover  in 
the  late  summer.    The  areas  long  unhmed  on  plots  5  and  6  were  bare  of 

1  Ruprecht  and  Morse.    Mass.  Agr.  Expt.  Sta.  Bulls.  Nos.  161,  165,  176. 
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vegetation,  as  the  seed  either  did  not  germinate  or  the  plantlets  soon  died. 
In  the  spring  of  1920  these  barren  areas  were  twice  reseeded,  and  finally 
the  redtop  grew  and  developed  normally. 

In  July  and  in  October,  1920,  samples  of  soil  were  taken  from  the 
different  sections  of  plots  5  and  6,  the  soluble  manganese  extracted  by 
water,  and  its  weight  carefully  determined  by  Mr.  C.  P.  Jones. 


Table  XI.  —  Manganese  Sulfate  in  the  Surface  Soil  of  Plots  6  and  6. 

[Weight  of  one  acre  of  soil  6  inches  deep  assumed  to  be  1,500,000  pounds.] 


Plot. 


Lime  Treatment. 


Manganese 

Sulfate 

(Pounds  per 

Acre). 


5,  Southwest  quarter, 
5,  Southeast  quarter,  . 
5,  Northwest  quarter, 

5,  Northeast  quarter,  . 

6,  West  half, 
6,  East  half, 


Limed,  1905, 
Limed,  1913, 
Limed,  1905  and  1919, 
Limed,  1913  and  1919, 
Limed,  1905, 
Limed,  1913, 


235 
17 

107 
24 

177 
19 


The  application  of  225  pounds  of  sulfate  of  ammonia  is  theoretically 
capable  of  forming  257  pounds  of  manganese  sulfate.  There  were  found 
small  quantities  of  aluminium  sulfate,  but  only  a  trace  of  iron  in  the  soils 
that  were  longest  without  lime. 

The  weight  of  evidence  indicates  that  the  injurious  results  were  due 
to  the  quantity  of  manganese  sulfate  present.  The  actual  concentration 
of  the  manganese  in  the  soil  solution  is  mere  guesswork,  but  it  is  inter- 
esting to  note  that  its  striking  injury  occurs  in  seasons  of  droughts  or 
following  a  dry  period,  while  plenty  of  rainfall  appears  to  remove  the 
poison  or  to  dilute  it  to  a  harmless  concentration. 

The  effect  of  lime  in  preventing  the  formation  of  the  manganese  sulfate 
is  shown  by  the  marked  reduction  in  the  amount  found  where  lime  had 
been  used  as  long  ago  as  1913.  The  actual  quantities  found  have  much 
less  significance  than  the  wide  difference  between  the  amounts  where 
lime  is  lacking  and  where  it  is  present. 

When  lime  is  applied  to  prevent  the  injurious  effects  of  sulfate  of  am- 
monia, it  should  be  borne  in  mind  that  the  lime  is  not  a  quickly  soluble 
substance  but  is  very  slow  to  dissolve  in  water.  Hence  it  must  be 
thoroughly  distributed  throughout  the  surface  soil  so  that  the  sulfate  of 
ammonia  is  reasonably  certain  to  come  in  contact  with  it.  Long-con- 
tinued fertilizer  experiments  clearly  show  that  soil  water  has  no  appre- 
ciable movement  sideways,  and  the  boundaries  between  limed  and  unlimed 
areas  are  sharply  defined. 

An  experiment  where  lime  to  the  amount  of  four  times  the  calculated 
chemical  equivalent  of  sulfate  of  ammonia  was  applied  to  a  small  plot 
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showed  that  it  was  not  enough  two  successive  seasons.  Therefore  it  is 
best  to  apply  the  hme  generously  in  form  of  finely  ground  limestone  or 
the  fine  hydrated  lime,  as  has  been  done  in  Field  A. 

Comparative  Effects  of  Nitrate  of  Soda,  Sulfate  of  Ammonia  and 

NO  Nitrogen. 

As  stated  in  the  beginning  of  this  bulletin,  it  was  not  planned  to  include 
the  results  obtained  with  other  nitrogenous  fertilizers,  but  it  has  seemed 
best  at  this  point  to  present  the  summary  of  the  comparative  effects  pro- 
duced by  nitrate  of  soda  and  sulfate  of  ammonia  which  was  last  pub- 
Ushed  in  1916,  ^  the  figures  in  which  were  as  follows:  nitrate  of  soda,  100; 
sulfate  of  ammonia,  88.8;  no  nitrogen,  73.4.  This  summary  includes  all 
the  yields  on  the  respective  groups  of  plots. 

It  has  been  shown  in  the  preceding  pages  that  liming  the  soil  produces 
marked  benefit  with  sulfate  of  ammonia.  Therefore  a  special  summary 
has  been  calculated  in  which  the  yields  for  the  years  1898,  1899,  1900, 
1905  and  1906,  when  the  effects  of  liming  were  due  to  applications  over  the 
entire  plots,  have  been  combined  with  those  of  the  lim-ed  portions  obtained 
in  1914,  1915,  1917  and  1918.  This  combination  produced  the  following 
comparison:  nitrate  of  soda,  100;  sulfate  of  ammonia,  91.6;  no  nitrogen, 
70. 

The  comparative  effects  in  1919  and  1920  were:  nitrate  of  soda,  100; 
sulfate  of  ammonia,  100;  no  nitrogen,  70.  The  improvement  in  the  pro- 
duction by  sulfate  of  ammonia  is  possibly  due  to  the  nature  of  the  crops. 
Under  favorable  conditions  and  in  the  presence  of  lime,  both  corn  and 
timothy  respond  to  suKate  of  ammonia;  and  with  its  long  growing  season, 
corn  is  especially  adapted  to  use  the  substance. 

Conclusions. 

Sulfate  of  ammonia  has  been  effective  as  a  fertilizer  when  accompanied 
by  an  application  of  lime.  In  the  absence  of  lime  it  has  sometimes  been 
injurious,  due  to  the  formation  of  soluble  compounds  of  manganese, 
aluminium  and  iron.  Injury  has  been  greatest  in  dry  periods  when  the 
lessened  soil  moisture  becomes  more  concentrated  with  soluble  salts. 

Suffate  of  ammonia  has  been  particularly  effective  on  the  cereals  — 
corn,  oats,  rye  and  millet  —  when  these  crops  have  not  followed  a  clover 
crop.  Potatoes  have  not  been  benefited  by  the  sulfate  of  ammonia  in 
these  trials.  Soy  beans,  when  uninoculated,  responded  well  to  the  am- 
monia; but  its  effects  grew  less  as  the  root  nodules  increased  in  the  later 
years.  Clover  has  not  been  much  benefited  by  the  sulfate  of  ammonia, 
but  mixed  grasses  in  1920  were  much  increased  by  it. 

In  general,  the  sulfate  of  ammonia  has  been  about  nine-tenths  as 
effective  as  nitrate  of  soda,  per  unit  of  nitrogen. 


k 


1  Mp,ss.  Agr.  Expt.  Sta.,  28th  Ann.  Rept. 
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APPENDIX. 

Comparative  Yields  of  Sulfate  of  Ammonia  and  no  Nitrogen,  1889-1918. 


Chop. 

No  Nitrogen. 

Sulfate  op  Ammonia. 

Year. 

Grain 
(Bushels). 

Straw  or 

Fodder 

(Pounds). 

Grain 

(Bushels). 

Straw  or 

Fodder 

(Pounds). 

1889 

Corn, 

9.4 

3,952 

20.2 

3,213 

1890 

Oats 

31.3 

1,897 

33.7 

2,137 

1891 

Rye, 

19.3 

3,133 

22.0 

3,415 

1892 

Soy  beans,  green 

- 

14,430 

- 

17,850 

1893 

Oats 

40.5 

4,103 

28.7 

4,580 

1894 

Soy  beans,  green,    .... 

4,520 

_ 

6,470 

1895 

Oats, 

38.4 

2,473 

45.5 

4,077 

1896 

Soy  beans,  green,    .... 

~ 

11.430 

- 

18,110 

1897 

Oats 

23.0 

1,233 

37.6 

3,217 

1898 

Oats 

21.4 

900 

34.9 

1,500 

1899 

Clover  hay, 

- 

3,520 

- 

3,670 

1900 

Potatoes, 

209.0 

- 

211.0 

- 

1901 

Soy  beans,        .         .         . 

27.6 

2,383 

29.3 

2,633 

1902 

Potatoes, 

178.0 

- 

177.6 

- 

1903 

Soy  beans, 

12.3 

1,192 

14.4 

1,343 

1904 

Potatoes, 

139.8 

- 

146.0 

- 

1905 

Oats  and  peas  (hay). 

- 

4,350 

- 

6,383 

1906 

Corn,        .         .         .    '     . 

46.0 

5,717 

73.2 

5,560 

1907 

Clover  hay 

- 

3,000 

- 

2,590 

1908 

Clover  hay 

_ 

4,230 

_ 

3,590 

1909 

Clover  hay, 

- 

3,620 

- 

4,360 

1910 

Clover  hay, 

- 

6,730 

- 

7,010 

1911 

Corn, 

71.7 

6,133 

74.5 

4,666 

1912 

Corn, 

69.5 

5,116 

79.9 

5,133 

1913 

Japanese  millet  (hay),    .         . 

_ 

6,900 

_ 

11,200 

1914 

Oats  (hay)  (unlimed),     . 

- 

1,420 

- 

2,160 

1914 

Oats  (hay)  (Umed), 

- 

2,530 

- 

3,530 

1915 

Clover  hay  (unlimed),    . 

- 

8,130 

- 

7,300 

1915 

Clover  hay  (limed), 

- 

8,050 

- 

8,870 

1916 

Japanese  millet,       .... 

28.5 

5,234 

26.5 

5,506 

1917 

Potatoes  (unlimed). 

201.0 

- 

215.0 

- 

1917 

Potatoes  (limed) 

333.7 

- 

322.3 

- 

1918 

Corn  (unlimed) 

28.7 

2,433 

27.0 

2,317 

1918 

Corn  (limed),           .... 

31.3 

3,400 

39.3 

4,566 
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DEVELOPMENT  AND  PATHOGENESIS  OF  THE 
ONION  SMUT  FUNGUS/ 


BY  JP.  J.  ANDERSON. 


I.    Introduction. 

Onion  smut  is  the  most  destructive  of  all  onion  diseases  in  New  Eng- 
land. In  the  Connecticut  Valley  it  is  probably  responsible  for  more  loss 
to  the  growers  than  all  the  other  diseases  of  this  crop  combined.  Despite 
the  fact  that  a  m.ethod  of  control  by  the  use  of  formaldehyde  has  been 
developed,  manj^  fields  are  now  planted  to  other  less  profitable  crops  on 
account  of  the  ravages  of  smut;  every  year  sees  fields  plowed  up  because 
smut  has  so  reduced  the  stand  that  it  is  not  worth  while  to  tend  them; 
more  important  in  the  aggregate,  perhaps,  is  the  smaller  toll  which  the 
disease  exacts  from  each  onion  grower  throughout  considerable  sections 
of  the  valley. 

Investigation  of  the  disease  with  the  primary  object  of  finding  better 
methods  of  control  was  begun  by  the  Department  of  Botanj^  of  the  Massa- 
chusetts Agricultural  Experiment  Station  in  1918,  and  has  been  continued 
to  date.  Since  control  measures  are  necessarily  conditioned  by  the  nor- 
mal life  history  of  the  pathogene,  and  since  a  review  of  the  published  re- 
search of  other  investigators  showed  that  the  development  of  the  fungus 
had  been  inadequatelj^  studied,  this  phase  of  the  problem  has  been  m.ade 
the  subject  of  no  inconsiderable  part  of  the  writer's  stud}''.  Results  of  the 
work  which  deals  directly  with  control  are  to  be  presented  in  another 
publication.  The  present  paper  concerns  certain  phases  of  the  life  cycle 
of  the  causal  organism  ( Urocystis  cepidae  Frost)  in  which  it  seemed  to  the 
writer  that  further  investigation  was  desirable.  Beginning  with  germina- 
tion of  the  spores,  the  development  of  the  fungus  will  be  followed  through 
its  saprophytic  stage,  infection  of  the  host,  distributive  stage  within  the 
host  and  final  sporogenesis. 

*  This  paper  embodies  the  results  of  preliminary  and  fundamental  work  on  a  project  having 
for  its  chief  aim  the  control  of  onion  smut.  A  report  on  the  more  practical  phases  of  this  project 
is  to  be  published  shortly. 
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II.    GermixNtation  of  the  Spores. 

The  spore  of  Urocystis  cepulae  is  compound,  having  one  large  central 
fertile  cell  to  the  surface  of  which  are  attached  15  to  40  smaller  hemi- 
spherical sterile  cells.  There  are  said  sometimes  to  be  two  fertile  cells  at 
the  center,  but  in  a  thiee-year  study  of  the  fungus  the  writer  does  not 
remember  ever  having  seen  a  spore  T\ith  more  than  one.  To  conform  to 
the  nomenclature  of  certain  other  genera  of  smuts,  the  entire  structure  is 
usually  called  a  spore  ball,  the  peripheral  cells  being  termed  pseudospores. 
Since  we  have  here  only  one  cell  capable  of  germination,  it  is  perhaps 
better  to  term  the  whole  structure  a  spore  and  then  distinguish  between 
fertile  and  sterile  cells.  The  hemispherical  cells  are  attached  to  the  fertile 
cell  by  their  flat  surfaces,  but  do  not  cover  it  entirely.  They  stand  apart 
as  indicated  in  Fig.  1  (page  109).  The  sterile  cells  are  tinted  brown,  while 
the  central  cell  is  a  more  solid  opaque  brown.  Sterile  cells  average  5/i  in 
diameter  by  4.25/^  in  height.  The  fertile  cell  is  usually  spherical,  but 
frequently  oval  or  ovate,  averaging  about  12/z  in  diameter.  The  entire 
spore  averages  about  19/z  in  diameter. 

For  the  germination  of  most  fungous  spores  it  is  only  necessary  to  place 
them  when  mature  in  a  drop  of  water,  and,  after  a  few  hours,  or,  at  most, 
a  few  days,  the  whole  process  may  be  watched  under  the  microscope. 
But  for  Urocystis  cepulae  the  case  is  not  so  simple.  Germination  tests, 
conducted  in  the  same  way  in  which  the  writer  had  brought  to  germina- 
tion the  spores  of  many  species  of  fungi,  were  entirely  without  result  for 
the  onion  smut  fungus.  Apparently  there  are  other  essential  conditions 
which  had  not  been  obtained  in  these  trials.  This  preliminary  failure  led 
to  a  thorough  search  through  the  literature  to  find  what  conditions  were 
essential  for  the  germination  of  spores  of  other  species  of  (Jstilaginales. 
It  seemed  probable  that  the  same  conditions  which  brought  about  germi- 
nation in  other  smuts  might  also  be  successfully  applied  to  Urocystis  cepulae. 
A  condensed  summary  of  the  literature  of  this  phase  is  given  below,  fol- 
lowed by  a  description  of  the  experiments  with  the  spores  of  Urocystis 
cepulae. 


Review  of  the  Literature  on  Essential  Conditions  for  Smut  Spore  Germination. 
The  Water  Requirement.- — 'No  spores  mil  germinate  without  water  in 
some  form,  sometimes,  to  be  sure,  merely  as  vapor  in  a  saturated  air.  In 
the  simplest  cases,  and,  in  fact,  for  the  majority  of  the  smut  fungi,  it  is 
only  necessary  to  immerse  the  spores,  as  soon  as  mature,  in  a  drop  of  water 
on  a  slide,  or  in  a  hanging  drop.  Enough  air  to  satisfy  all  requirements 
seems  to  be  present  dissolved  in  the  water,  or  else  the  spores  remain  on  the 
surface  of  the  drop.  Brefeld  (3),  in  his  experiments,  germinated  the  spores 
in  a  film  of  water  which  adhered  to  the  inside  of  the  walls  of  flat  glass 
chambers  after  the  bulk  of  the  liquid  had  drained  out.  This  probably  in- 
sured greater  access  to  air  than  where  the  hanging  drop  or  drop  on  slide  has 
been  used,  and  this  fact  should  be  kept  in  mind  in  interpreting  his  results. 
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The  following  species  can  be  germinated  in  water  as  soon  as  mature: 
Cintractia  densa  McAlp.  (11);  C.  Sorghi  vulgaris  (Tul.)  Clint.,  12  hours,  ^ 
(11);  Entyloma  canescens  (14);  Schizonella  melanogrmmna  D.  C.  (4); 
Sorosporium  Reilianum  (Kiihn)  McAlp.,  tap  water,  17  hours  (11);  TilUtia 
zonata  Bref.  (4);  Urocystis  occulta  Wallr.  (11);  U.  primidicola  Magn.,  10 
hours  (14) ;  U.  Violae  Sow.  5  days  (4) ;  Ustilago  Avenae  (Pers.)  Jens.,  6  to 
8  hours  (8),  (11)  and  others;  U.  Boutelonae  humulis  Bref.  (4);  U.  Carbo 
Tul.,  6  to  10  hours  (5);  U.  flosculorum,  5  to  6  hours  (7)  (he  finds  that 
fresh  spores  germinate  most  quicldy);  U.  grandis  Fr.,  24  hours  (3);  U. 
longissima  Sow.,  3  to  4  hours  (3),  (7) ;  U.  mo  jot  24  hours  (14) ;  U.  Panici 
glauci  Wallr.,  8  days  (3);  U.  Readeri  Syd.  (11);  U.  segetum,  6  to  8  hours, 
"fresh  spores  germinate  better"  (14);  Ust.  violacea  Pers.  (3)  and  many 
■  others.  In  the  most  favorable  cases  germination  begins  within  two  to 
three  hours,  while  at  the  other  extreme  McAlpine  (11)  mentions  species 
the  spores  of  which  did  not  begin  to  germinate  until  they  had  been  in  water 
for  several  weeks.  Where  such  extreme  lengths  of  time  are  required,  the 
question  arises  as  to  whether  this  is  not  really  the  time  required  for  the 
weathering  process  such  as  takes  place  when  they  are  kept  in  damp  soil, 
as  in  Brefeld's  experiments. 

Air.  —  Some  spores  require  only  a  moist  air  for  germination,  and  will 
not  germinate  at  all  or  only  abnormally  when  immersed  in  water.  Thus 
Fischer  von  Waldheim  (7)  writes :  — 

For  the  normal  germination  of  the  different  species  of  Ustilago,  a  certain  quantity 
of  water  or  moisture  is  usually  necessary.  For  this  purpose,  the  spores  need  only 
be  placed  in  a  drop  of  water,  or  upon  moistened  earth,  or  even  merely  in  an  atmos- 
phere kept  moist;  for  instance,  imder  a  glass  globe  placed  over  a  dish  of  water. 
But  Tilletia  and  Urocystis  germinate  only  in  damp  air  (for  instance,  under  the 
glass  globe  mentioned) ,  and  their  germinating  spores,  coming  in  contact  with  water, 
only  show  abnormal  appearances. 

In  Brefeld's  germinating  apparatus  the  spores  were  never  entirely  im- 
mersed in  water,  but  in  the  thin  film  clinging  to  the  chamber  walls  must 
have  always  had  a  sufficient  quantity  of  air.  This  probably  contributed 
to  his  remarkable  success  in  germinating  the  spores  of  a  very  large  number 
of  species.  McAlpine  also  found  that  he  was  able  to  secure  germination 
in  manj^  cases  only  by  floating  the  spores  in  a  watch  glass  over  water. 
Both  Brefeld  (3)  and  Fischer  von  Waldheim  (7)  mention  the  fact  that  the 
spores  of  Tilletia  caries  germinate  in  damp  air.  Plowi'ight  (14)  had  a 
similar  experience  with  Tubercinia  trientalis.  McAlpine  (11)  was  able  to 
germinate  the  spores  of  Tilletia  Tritici  (Bjerk)  Wint.  best  by  keeping  them 
on  moist  filter  paper  or  blocks  of  plaster  of  Paris  kept  moist  by  capillary 
water  from  a  dish  in  which  the  blocks  were  partially  immersed.  He  (11) 
makes  the  following  interesting  observation  on  the  necessity  of  air  for 
germination  of  spores  of  Ustilago  Readeri  Syd. :  — 

'  Figures  after  the  species  and  not  in  parentheses  indicate  the  time  required  for  germination  to 
begin  after  the  spores  were  placed  in  v/ater.  Omission  of  them  indicates  that  the  investigator 
gave  no  data  as  to  time  required.  Numbers  in  parentheses  refer  to  bibliography  on  pp.  132  and 
133. 
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Immersed  in  the  liquid  they  do  not  germinate  as  readily  as  when  floating  on  the 
surface.  Thus,  after  eighteen  hours  on  one  occasion,  the  spores  in  the  water  had 
failed  to  germinate,  while  by  simply  altering  the  focus  and  examining  the  spores 
on  the  surface  they  were  all  found,  with  very  few  exceptions,  to  have  germinated. 

In  the  descriptions  of  germination  given  by  the  majority  of  "\ATiters 
there  is  no  way  of  determining  just  how  much  influence  the  presence  of 
air  had. 

It  seems  probable  that,  in  general,  the  presence  of  air  is  essential  to 
the  germination  of  smut  spores,  but  that  different  species  vary  in  respect 
to  the  amxount  required;  some  need  scarcely  any,  others  must  have  very 
free  access  to  air,  and  there  are  probably  all  gradations  between  these  two 
extremes. 

Nutrient  Solutions.  —  Very  early  in  the  investigation  of  smut  spore  ■ 
gemiination  it  became  apparent  that  the  spores  of  some  species  could  not 
be  germinated  merely  by  placing  them  in  water  when  mature.  Conse- 
quently solutions  of  various  substances  supposed  to  have  nutritive  quali- 
ties have  been  tested  for  their  ability  to  induce  germination.  Hallier  (6), 
in  1868,  was  apparently  the  first  to  use  such  solutions.  He  used  a  great 
many  substances  such  as  albmnin,  starch,  milk,  sugar  solution,  etc.  Others, 
since  then,  have  used  almost  every  kind  of  a  salt,  acid,  or  other  substance 
for  which  one  could  imagine  any  germinative  influence.  One  should  con- 
sult Osner's  (13)  bulletin  on  "Leaf  Smut  of  Timothy"  to  gain  some  idea  of 
the  number  of  substances  that  can  be  used  for  that  purpose.  McAlpine  (11) 
seems  to  have  had  most  success  with  a  hay  infusion,  although  he  also  used 
various  other  solutions.  Sugar  solutions  and  decoctions  of  the  host  plant 
have  proved  fairly  successful. 

The  nutritive  solution  which  has  been  used  most  extensively  and  proba- 
bly most  successfully  is  the  "nahrlosung, "  a  sterilized  aqueous  decoction 
of  horse  dung  which  was  employed  first  by  Brefeld  (3,  4).  In  this  "nahr- 
losung"  he  was  able  to  bring  to  germination  the  spores  of  many  species 
which  showed  no  sign  of  germination  in  water,  e.g.,  Cintradia  spinificis 
(Ludw.)  McAlp.  (McAlpine  (11)  also  confirmed  Bref eld's  results),  Doas- 
sansia  Limosellae  Kunze,  Ustilago  Andropogonis  tuberculati  Bref.,  Ust. 
Arundinellae  Bref.,  Ust.  Coicis  Bref.,  Ust.  Cynadontis  Hem.,  Ust.  Ischdemi 
Fckl.,  Ust.  major  Schroet.,  Ust.  Panici  leucophaei  Bref.,  and  Ust.  Tulasnei 
Ktihn,  Other  species,  e.g.,  Ust.  Maydis,  which  gave  scanty  or  only  occa- 
sional germination  in  water,  germinated  to  almost  100  per  cent  in  this 
"nahrlosung."  In  almost  every  case  the  growth  and  size  of  the  germ  tube 
(promycelium)  was  increased;  and  frequently  sporidia  were  produced  in 
this  nutritive  solution  where  none  at  all  were  developed  in  water.  On  the 
whole,  however,  it  should  be  kept  in  mind  that  in  by  far  the  majority  of 
cases  the  function  of  the  nutritive  solution  was  to  bring  the  germling  to 
complete  development  after  it  had  started,  rather  than  to  cause  it  to  start 
in  the  first  place.  Only  in  the  case  of  the  comparatively  few  species  men- 
tioned above  did  he  fail  to  get  some  germination  in  water  also,  and  very  j 
commonly  the  percentage  of  germination  was  as  high  in  water  as  in  "nahr- 
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losung."  On  the  other  hand,  he  found  that  Tilletia  Tritici  would  not 
germinate  at  all  in  nutritive  solution,  but  could  be  germinated  easily  in 
water. 

His  experiments  with  nutritive  solutions  led  Brefeld  to  believe  that  smut 
spores  in  the  soil  are  brought  to  germination  and  further  development 
through  the  influence  of  manure  which  has  been  used  to  fertilize  the  soil. 
On  this  theory  he  explains  the  common  observation  of  German  farmers 
that  cereal  smuts  are  more  destructive  on  freshly  manured  fields. 

Host  Stimulus.  —  One  might  expect  that  some  stimulus  from  the  host 
plant  would  be  necessary  for  germination,  and  consequently  that  a  decoc- 
tion from  the  host,  or  the  presence  of  bits  of  it  in  the  germinative  medium, 
would  be  necessary  for  starting  germination.  Although  such  host  decoc- 
tions have  been  successfully  used,  we  find  in  the  literature  no  instance  in 
which  they  furnished  the  only  conditions  under  which  the  Spores  would 
germinate.  There  seems,  then,  to  be  no  evidence  to  indicate  that  a  smut 
spore  must  be  in  close  proximity  to,  or  in  actual  contact  with,  its  host 
before  it  will  germinate. 

Period  of  Rest.  —  But,  even  with  the  aid  of  nutritive  solutions,  and  all 
other  conditions  which  have  been  tried,  there  is  a  considerable  number  of 
species,  the  spores  of  which  cannot  be  brought  to  germination  immediately 
after  maturity.  For  these  species,  a  period  of  "rest'"  is  necessary  during 
which  they  must  be  exposed  to  certain  natural  conditions  which  operate 
in  some  way  to  bring  them  into  the  proper  condition  for  germination.  For 
our  knowledge  of  this  phase  of  the  problem  we  are  indebted,  above  all, 
to  Brefeld,  and  we  cannot  present  it  better  than  by  quoting  from  his  sum- 
mary of  it  (  (4),  page  128) :  ^  — 

Only  a  part  of  these  forms  germinate  at  once  even  in  nutrient  solution,  more 
rarely  in  water;  many  will  not  germinate  at  all,  but  must  be  made  capable  of 
germination  by  special  methods.  .  .  .  The  spores  of  many  species  are  so  adapted 
in  their  time  of  germination  that  they  do  not  proceed  at  once,  but  only  after  passing 
through  a  shorter  or  longer  resting  period.  In  cases  of  this  kind  one  has  only  to 
wait  until  after  the  expiration  of  the  resting  period  in  order  to  bring  them  to  ger- 
mination. But  one  would  often  wait  long  and  in  vain,  if  he  only  kept  the  spores 
dry  in  the  house.  Under  these  circumstances,  the  external  influences  are  not 
brought  to  bear,  which  operate  in  nature  during  the  period  of  rest,  and  which  must 
operate  in  order  to  bring  about  those  changes  on  which  the  initiation  of  germination 
depends.  For  the  most  part,  when  simply  kept  dry  the  spores  die  without  ger- 
minating, except  in  a  few  cases,  as,  for  example,  the  corn  smut,  .  .  .  but  even 
here  germination  is  always  incomplete.  It  is  necessary  to  obtain  the  conditions 
which  in  nature  operate  on  the  spores  and  influence  them  to  germinate,  if  one 
wishes  to  succeed  in  observing  germination.  The  simplest  method  would  be  to 
expose  the  spores  in  nature  or  leave  them  in  their  natural  habitat  and  observe 
from  time  to  time  whether  germination  has  begun.  But  in  most  cases  it  is  entirely 
impossible  in  this  way  to  get  and  keep  the  material  pure. 

He  then  describes  in  detail  his  method  of  keeping  the  material  in  steri- 
lized damp  sand  in  pots  in  a  cool  cellar.    Then  he  continues:  — 

1  Translated  by  P.  J.  Anderson. 
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By  tWs  method  it  has  been  possible  to  bring  to  germination  most  spores  which 
otherwise  would  not  germinate.  The  length  of  time  required  to  bring  about  ger- 
mination varies  greatly.  The  spores  of  some  species  usually  germinate  after  a 
few  months,  others  after  a  half  or  an  entire  year,  others  require  several  years  be- 
fore germination,  some  even  five  years.  ...  In  this  methodical  way,  which  is,  to 
be  sure,  nothing  but  an  imitation  of  what  takes  place  in  nature,  ultimately  all 
spores  can  be  induced  to  germinate.  Therefore  it  can  be  scientifically  proved  that 
the  earlier  or  later  germination  is  only  an  adaptation,  a  resting  period,  which  under 
the  natural  conditions  must  be  passed  through,  if  the  inner  and  apparently  chemical 
changes  are  to  operate,  through  which  the  germination  of  the  spores  is  slowly  pre- 
pared and  finally  made  possible. 

In  this  way  Brefelcl  was  able  to  germinate  the  spores  of  the  following 
species  none  of  which  would  germinate  when  fiist  mature  (length  of  time 
in  moist  earth  given  after  each):  Anthracoidea  (Ustilago)  Caryces  Bref., 
over  winter;  .Anthracoidea  subinclusa  Bref.,  1  year;  Doassansia  Alismatis 
Nees,  1  year;  D.  Limosellae'Kunze,  1  year;  D.  punctiforwis  Niesse,  more 
than  a  year;  D.  Sagdlariae  Fckl.,  over  winter;  Melanotaenium  cingeus 
Bref.,  4  years;  Neovossia  Barclayana  Bref.,  2  j^ears;  Sphacelotheca  Hydro- 
piperis  Schum.,  6  months;  Tilletia  controversa  Kiihn,  2  years;  Tilletia 
decipiens  Pers.,  3  years;  Tolyposporiuvi  bullatum  Schroet.,  9  months; 
Tol.  Junci  Schroet.,  6  months;  Tol.  Penicillariae  Bref.,  1  year;  Urocystis 
Anemones  Pers.,  6  months;  Ur.  Filipefiidulae  TuL,  1  year;  Ustilago  Adoxae 
Bref.,  1  year;  U.  anomola  Kunze,  over  winter;  U.  Bistortarum  D.  C,  1 
year;  U.  Coicis  Bref.,  2  years;  U.  domestica  Bref.,  6  months;  U.  Holostei 
D.,  3  years;  U.  utriculosa  Nees.  Other  writers  also  have  found  that  for 
various  species,  a  weathering  under  natural  conditions  was  necessary  in 
order  to  secure  germination. 

Substitution  of  Nutritive  Solution  for  Weathering  Period.  —  In  the  case 
of  some  species  Bref  eld  believes  that  the  same  changes  which  are  ordinarily 
induced  by  storage  in  damp  soil  for  a  long  period  may  be  induced  at  once 
by  the  use  of  his  "nahrlosung."  For  example,  he  finds  that  the  corn 
smut  spores  when  first  mature  will  not  germinate  in  water,  but  if  kept  until 
the  following  spring  they  germinate  in  water.  If,  however,  the  freshly 
matured  spores  are  put  in  nutritive  solution,  they  germinate  overnight 
almost  without  exception.  He  concludes,  therefore,  that  the  changes 
induced  by  one  are  the  same  as  those  induced  by  the  other,  or,  in  other 
words,  that  each  may  be  substituted  for  the  other. 

Freezing.  —  Wliether  or  not  freezing  has  any  influence  on  germination 
seems  never  to  have  been  determined.  Brefeld  makes  no  mention  of  freez- 
ing, and  one  infers  from  his  publications  that  his  buried  spores  were  never 
frozen.  Since  the  spores  of  practically  all  species  of  smuts  have  been  suc- 
cessfully germinated  without  freezing,  it  msiy  be  safety  said  that  freezing 
is  not  a  necessary  condition  of  the  process. 

Essential  Conditions  for  Germination  of  Urocystis  cepulae  Spores. 
Search  through  all  available  literature  on  the  subject  revealed  only  one 
reference  to  previous  attempts  at  germination  of  the  spores.    Thaxter  (18) 
was  unable  to  germinate  fresh  spores  either  in  water  or  in  moist  air.   When, 
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however,  the  smutted  onions  were  stored  until  January,  then  mixed  with 
wet  earth  and  frozen  for  a  week  or  more,  the  spores  germinated  when 
kept  moist  in  a  warm  room.  They  also  germinated  in  an  onion  decoction. 
He  also  made  pure  cultures  in  onion  decoction  from  fresh  spores  and  from 
sporiferous  hyphae,  but  does  not  mention  germination  in  this  respect. 
Such,  in  full,  is  the  extent  of  our  present  knowledge  of  the  necessary  condi- 
tions. The  purpose  of  the  writer's  experiments  was  twofold:  (1)  to  dupli- 
cate Thaxter's  work  and  (2)  to  extend  the  inquiry  in  order  to  determine 
more  exactly  many  points  which  Thaxter  either  did  not  touch  or  treated 
insufficiently.    The  experiments  are  summarized  below. 

Fresh  Spores  in  Water.  —  Spores  from  a  fresh  but  mature  lesion  were 
scattered  in  a  drop  of  water  on  a  slide  kept  in  a  Petri  dish  with  water  in 
the  bottom  of  the  dish  to  prevent  evaporation  of  the  drop  on  the  slide. 
This  common  and  familiar  method  was  used  in  all  the  experiments  where 
water  or  a  water  solution  was  tested.  Both  distilled  water  and  tap  water 
were  tried.  The  spores  were  examined  daily  for  over  two  weeks,  but  no 
indication  of  germination  was  observed.  The  experiment  was  repeated 
many  times,  and  the  temperature  and  light  relations  were  varied  in  differ- 
ent sets,  but  always  without  result.  Spores  taken  from  lesions  which  had 
been  kept  dry  for  a.  year  in  the  laboratory  gave  no  better  results. 

Fresh  Spores  in  Soil  Water.  —  A  soil  extract  was  made  by  filling  a 
beaker  with  good  onion  soil  (taken  from  a  field  where  smut  was  abundant), 
adding  water  until  the  soil  was  saturated  and  the  water  was  1  cm.  deep  on 
top  of  it,  stirring  thoroughly  several  times  and  filtering  off  after  several 
days.    Results  were  the  same  as  with  tap  and  distilled  water. 

Influence  of  the  Germinating  Onion  Seed.  —  These  tests  were  in  every 
way  like  those  described  above  with  water,  except  that  a  few  germinating 
onion  seeds  were  placed  in  each  drop  in  addition  to  the  spores.  With  one 
exception,  in  these  tests  the  spores  failed  to  germinate.  On  one  shde  a 
very  few  spores  germinated  in  close  proximity  to  the  young  cotyledon. 

Fresh  Spores  in  Soil  Decoction.  —  A  mixture  of  soil  and  water  was 
cooked  for  one  hour  on  two  successive  days  in  the  autoclave  at  14  pounds' 
pressure,  filtered,  tubed  and  sterihzed.  It  was  hoped  that  in  this  way 
more  of  the  soil  substances  would  be  brought  into  solution,  and  that  they 
might  bring  about  germination.  But,  just  as  in  the  case  of  the  soil  extract, 
so  with  this  more  concentrated  soil  decoction,  there  was  no  germination. 

Fresh  Spores  in  Dung  Decoction.  —  This  decoction  was  prepared  just  as 
Brefeld  prepared  his  "nahrlosung"  which  he  used  so  successfully  on  the 
spores  of  a  large  number  of  species.  Fresh  spores  failed  to  germinate  in 
it.  In  these  experiments  the  solution  was  concentrated.  It  is  possible 
that  if  it  had  been  more  diluted  the  results  might  have  been  different. 

Fresh  Spores  in  Onion  Decoction.  —  This  decoction  was  prepared  by 
boUing  a  sliced  onion  in  a  pint  of  water  for  one  hour.  It  was  then  filtered, 
tubed  and  sterilized  one-half  hour  at  15  pounds'  pressure.  This  appears 
to  furnish  an  excellent  medium  for  the  growth  of  bacteria  and  fungi,  and 
in  working  with  it  every  possible  precaution  must  be  used  to  prevent  con- 
tamination.   These  organisms  grow  so  fast  that  they  soon  obUterate  the 
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more  slowly  germinating  smut  spores.  It  was  found  necessary  not  only 
to  steriKze,  by  boiling,  the  slides,  Petri  dishes  and  all  instruments  used, 
but  also  to  wash  the  seedlings  from  which  the  spores  were  taken,  first,  in 
mercuric  chloride,  1  to  1,000,  and  then  in  sterile  water,  before  the  lesions 
were  opened.  In  drops  of  this  decoction  some  of  the  spores  began  to 
germinate  within  three  days  at  laboratory  temperature.  The  percentage 
of  germination,  however,  was  always  very  low.  In  dozens  of  shde  tests 
made  in  this  way,  not  over  25  per  cent  germination  has  ever  been  observed; 
and  in  most  cases  it  is  lower,  averaging  5  to  10  per  cent.  It  is  apparent 
from  these  tests  that  there  is  some  substance  in  the  onion  which  is  capable 
of  inducing  germination  of  fresh  spores.  In  the  light  of  other  tests  de- 
scribed below,  however,  one  would  not  be  justified  in  concluding  that  this 
substance  is  peculiar  to  the  onion  alone. 

Fresh  Spores  in  Sugar  Solutions.  —  Sterile  solutions  of  J,  1,  2,  3,  5,  7 
and  10  per  cent  cane  sugar  were  used  just  as  the  onion  decoction  mentioned 
above.  There  was  some  germination  in  all  of  them,  but  very  little  in  the 
I  per  cent  and  the  10  per  cent.  The  highest  percentage  of  germination 
was  in  the  2  per  cent  solution,  where  50  per  cent  of  the  spores  which  were 
on  the  surface  of  the  drop  germinated.  When  spores  are  mixed  with  a  water 
solution  of  any  kind,  some  of  them  remain  on  the  surface  while  others 
sink  to  the  bottom.  Only  a  very  small  percentage  of  those  which  were 
immersed  germinated.  Since  the  spores  on  the  surface  are  better  located 
for  obtaining  air,  it  is  apparent  that  air  is  an  important  factor  in  germina- 
tion. It  is  also  apparent  that  sugar  is  at  least  one  of  the  substances  which 
may  induce  germination.  Since  onions  contain  a  high  percentage  of  cane 
sugar,  it  seems  probable  that  this  is  also  the  effective  element  in  the  onion 
decoction  which  induces  germination. 

Fresh  Spores  on  Onion  Decoction  Agar.  —  Onion  decoction  agar  was  pre- 
pared by  adding  2  per  cent  of  agar  to  the  onion  decoction.  Sterile  plates 
were  poured  and  permitted  to  become  hard.  Spores  were  mixed  with 
onion  decoction  or  water  and  floated  over  the  surface  of  the  hard  agar. 
After  permitting  the  spores  to  settle  to  the  bottom  the  liquid  was  poured 
away  and  the  spores  were  left  distributed  over  the  agar.  This  insured  a 
sufficient  quantity  of  air,  and  at  the  same  time  access  to  nutrient  substances 
in  the  agar.  The  percentage  of  germination  varied  with  different  experi- 
ments, but  always  it  was  as  high  as  10  per  cent;  sometimes  50  per  cent. 
This  was  found  to  be  the  most  rehable  of  all  the  methods  and  was  largely 
used.  Here  also  it  was  noticed  for  the  first  time  that  the  spores  did  not 
all  germinate  on  the  same  day,  but  that  there  was  a  progressive  germina- 
tion, new  ones  starting  each  day  for  as  long  as  three  weeks,  after  which 
the  plates  had  dried  too  much,  or  possibly  the  supply  of  food  had  become 
exhausted. 

Fresh  Spores  on  Czapek's  Agar,  Sugar  Potato  Agar,  etc.  —  The  Czapek's 
agar  contains  3  per  cent  of  cane  sugar.  Several  other  agars  containing 
sugar  were  tried  and  always  with  a  small  percentage  of  germination,  but 
none  higher  than  on  onion  decoction  agar. 
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Fresh  Spores  in  Soil  Decoction  Agar.  —  After  the  role  played  by  air  was 
determined,  it  seemed  that  the  writer's  previous  failure  to  induce  germina- 
tion in  soil  decoction  might  have  been  due  to  exclusion  of  air.  Therefore  a 
medium  was  prepared  by  adding  2  per  cent  of  agar  to  the  soil  decoction. 
Tests  were  made  as  with  the  onion  agar,  using  soil  decoction,  however, 
for  floating  the  spores  over  the  surface.  After  five  days,  germination  of 
1  to  2  per  cent  was  observed.  With  each  day,  however,  more  of  them 
germinated,  and  this  continued  for  several  weeks  until  the  plates  became 
too  dry  or  were  exhausted.  We  may  conclude  from  these  experiments 
that  (1)  the  soil  contains  all  the  essential  stimulating  elements  for  ger- 
mination, and  (2)  not  all  the  spores  germinate  at  once,  but  there  is  a  pro- 
gressive preparation. 

Fresh  Spores  on  Dung  Decoction  Agar.  —  This  medium  was  prepared  by 
adding  2  per  cent  of  agar  to  the  dung  decoction  mentioned  above.  Since 
the  soil  used  in  making  the  soil  decoction  had  been  heavily  manured  dur- 
ing the  previous  season,  it  was  thought  that  some  element  in  the  manure 
might  furnish  the  stimulus  and  a  higher  percentage  of  germination  would 
be  secured.  The  percentage  of  germination  in  this  medium,  however,  was 
scarcely  as  high  as  for  the  soil  decoction.  Here  is  proof,  however,  that 
stable  manure  contains  some  substance  which  is  capable  of  inducing 
germination. 

Effect  of  Freezing  the  Spores.  ■ — •  It  has  been  previously  mentioned  that 
Thaxter  froze  smutted  mature  onions  in  the  soil  and  then  found  the  spores 
capable  of  germination.  This  experiment  was  duplicated  as  nearly  as 
possible  by  the  writer,  but  he  was  entirely  unable  to  get  the  spores  free 
from  bacteria  and  other  fungi,  and  abandoned  the  method  rather  than 
work  with  contaminated  cultures. 

An  attempt  was  next  made  to  freeze  the  spores  under  sterile  conditions. 
Smutted  seedlings  were  steriUzed  with  mercuric  chloride  1  to  1,000,  washed 
in  sterile  water,  and  sealed  in  sterile  test  tubes  with  a  drop  of  water  in  the 
bottom  of  each  tube.  After  being  exposed  for  nine  days  during  December, 
during  which  there  were  some  light  freezes,  they  were  tested  in  onion 
decoction.  There  was  a  germination  of  about  2  per  cent.  In  similar  tests 
during  January,  in  which  they  were  frozen  solid  for  ten  days  or  more, 
buried  under  the  snow  in  zero  weather,  the  spores  were  apparently  killed. 
No  germination  at  all  was  observed,  although  tried  on  or  in  the  various 
media  described  above.  In  view  of  the  fact  that  the  mycelium  in  culture 
is  not  killed  by  freezing,  these  results  are  difficult  to  explain.  In  a  later 
series  of  tests  smutted  seedlings,  sterilized  on  the  surface,  were  buried  in 
sterile  soil  in  test  tubes  and  then  frozen  out  of  doors  for  eight  weeks.  On 
onion  decoction  agar  plates,  varying  percentages  of  germination  were  then 
secured,  but  it  was  never  as  high  as  for  spores  which  had  been  kept  in  damp 
soil  during  the  same  length  of  time,  but  not  frozen.  The  conclusion  seems 
warranted  that  freezing  does  not  kill  spores  in  the  soil,  but  it  does  not 
render  them  more  capable  of  germination,  and  is  not  necessary. 

Effect  of  a  Period  of  Rest  in  Damp  Earth.  —  Seedlings  with  unopened 
lesions  were  sterilized  and  buried  in  sterile  soil  in  test  tubes.    The  tubes 
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were  then  sealed  and  kept  in  the  laboratory.  After  two  weeks,  germina- 
tion was  found  to  be  somewhat  higher  than  in  the  case  of  spores  from  fresh 
lesions.  Tests  at  the  end  of  four  weeks  gave  50  per  cent  germination.  At 
the  end  of  three  months  the  average  percentage  was  not  higher,  though  in 
individual  slides  it  mounted  to  about  65  per  cent.  A  higher  percentage 
of  germination  has  not  been  seen  in  any  test.  In  removing  these  seedlings 
from  the  damp  earth  it  was  constantly  noticed  that  the  soil  remained  cling- 
ing to  the  lesions  and  could  be  washed  off  with  difficulty,  while  it  was  very 
easily  removed  from  other  parts  of  the  plant.  Microscopic  examination 
showed  that  the  soil  particles  were  attached  by  numerous  fungous  hyphse. 
When  these  hyphse  were  transferred  to  sterile  agar  tubes  they  gave  pure 
cultures  of  Urocystis.  It  was  not  possible  to  determine  whether  these 
hyphse  arose  from  germination  of  spores  in  the  sori,  from  vegetative  hyphse 
in  the  seedling  or  from  both.  If  the  spores  germinate  while  still  inside  the 
lesion,  this  may  explain  why  not  all  the  spores  taken  from  the  weathered 
sori  germinate;  they  may  have  already  germinated.  This  experiment 
demonstrates  clearly  one  way,  at  least,  in  which  the  smut  mycelium  gets 
back  into  the  soil  from  the  diseased  planto. 

Natural  Conditions  of  Germination.  —  It  is  a  conmion  impression  among 
laymen  that  the  spore  remains  dormant  in  the  ground,  lying  in  wait  until 
an  onion  starts  to  grow  near  it,  upon  which  it  germinates  and  infects  the 
onion.  Such,  however,  is  apparently  not  the  case.  The  seedHng  does  not 
seem  to  furnish  any  stimulus  which  causes  the  spore  to  start.  Whatever 
substances  are  necessary  for  starting  the  process  are  in  the  soil  itself.  As 
soon  as  the  spores  are  released  into  the  soil  —  if  not  before  —  a  few  of 
them  germinate;  the  others  become  capable  of  germination  gradually, 
and  it  seems  likely  that  aU  of  them  finally  come  to  germination,  but  that 
the  period  of  preparation  differs  in  length  for  different  spores,  so  that  the 
germination  extends  over  many  months  and  possibly  years.  This  period 
of  preparation  may  be  shortened  artificially  by  the  use  of  certain  stimulat- 
ing substances,  such  as  cane  sugar. 

The  Process  of  Germination. 

Germination  begins  in  three  to  six  days  after  the  spores  are  placed  in  the 
water  solutions  or  on  agar  plates  as  previously  described.  The  time  varies 
somewhat  with  the  medium  used,  and  also  apparently  with  other  factors 
which  have  not  been  explained.  Three  days  are  usually  sufficient  in 
onion  decoction  or  onion  agar,  while  on  soil  decoction  agar  six  days  were 
found  necessary. 

The  first  indication  of  germination  is  the  appearance  of  a  hyaline  hemi- 
spherical vesicle  (Fig.  1,  B)  on  one  side  of  the  spore.  This  is  apparently 
an  extrusion  from  the  central  fertile  cell,  but  whether  it  comes  out  by  a 
rupture  of  the  spore  wall  or  by  a  regular  pore  could  not  be  determined. 
The  covering  of  sterile  cells  renders  exact  observation  of  this  point  difficult. 
This  vesicle  when  first  observed  is  of  about  the  same  size  as  one  of  the 
sterile  cells,  and  can  at  first  be  distinguished  from  the  latter  only  by  the 
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fact  that  it  is  hyaline  while  the  sterile  cells  are  brown.  During  the  suc- 
ceeding stages,  however,  it  increases  rapidly  in  size  until  it  may  be  almost 
as  large  as  the  spore  itself  (Fig.  1,  K).    This  hemispherical  or  subglobose 


Fig.  1.  —  Germination  of  spores. 


vesicle  corresponds  to  the  promycelium  or  hemibasidium  of  other''''smuts 
and  rusts,  and  will  be  so  designated.  A  stout  tube  grows  out  from  the 
surface  of  the  promycelium  (Fig.  1,  C-G)  and  is  quickly  followed  by 
others  in  succession  until  a  whorl  of  diverging  branches  is  produced  (Fig. 
1,  H-N).    The  number  of  branches  in  the  whorl  is  not  constant,  neither 
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do  they  arise  simultaneously  but  usually  in  succession.  None  iias  been 
observed,  however,  which  showed  more  than  eight  branches  on  a  promy- 
celium  (Fig.  1,  S).  These  primary  branches  are  2  to  3/j.  in  diameter,  usu- 
ally somewhat  undulating,  with  broadly  rounded  tips.  They  soon  become 
septate,  and  almost  invariably  a  lateral  secondary  branch  grows  out  from 
the  top  of  the  cell  just  below  each  septum  (Fig.  1,  OS).  The  angle  of 
divergence  between  the  primary  and  secondary  branch  is  very  broad, 
often  approaching  a  right  angle.  This  manner  of  branching  is  character- 
istic of  onion  smut  mycelium  wherever  it  is  found,  and  is  a  good  diagnostic 
character.  By  continued  branching,  a  dense  mass  of  mycehum  is  developed 
about  the  spore,  and  it  becomes  increasingly  difficult  to  follow  the  course 
of  single  hyphse.  Fig,  1,  T,  represents  the  latest  stage  in  which  the  sep- 
arate branches  could  be  followed.  On  agar  plates  the  older  cells  lose  their 
deuoe  protoplasmic  content,  and  only  the  more  distant  tip  cells  appear 
to  be  aHve.  In  onion  decoction,  as  the  hyphse  become  older  they  become 
more  constricted  at  the  septa  and  the  cells  rounded  in  the  middle  until 
they  appear  almost  separated  from  each  other,  the  hypha  having  somewhat 
the  appearance  of  a  string  of  beads  i^Fig.  1,  U).  Frequently  in  the  older 
mats  of  mycelium  from  the  germinated  spore  it  has  been  observed  that 
some  of  the  hyphal  tips  are  recurved  in  the  form  of  croziers.  They  have, 
however,  never  been  seen  to  develop  further,  and  it  is  impossible  to  say 
whether- this  development  has  any  relation  to  development  of  spores, 
which  are  never  produced  except  inside  the  tissue  of  the  host.  In  hun- 
dreds of  germination  tests  which  have  been  made  during  three  years  in  a 
large  number  of  media,  no  conidia  have  ever  been  observed  on  the  pro- 
mycelium  or  its  branches  or  anywhere  else  throughout  the  development 
of  the  organism.  Sometimes  the  short  lateral  branches  appear  like  conidia, 
but  continued  observation  soon  convinces  one  that  they  are  merely  vege- 
tative branches  which  will  elongate  apicaUy  like  other  branches  unless  the 
supply  of  nutriment  is  exhausted. 

Comparison  with  the  Germination  Process  in  Other  Species  of  Urocystis. 
Let  us  now  compare  this  process  with  the  process  of  germination  which 
other  investigators  have  described  for  other  species  of  Urocystis. 

Urocystis  occulta  Wallr.,  causing  the  flag  smut  of  rye,  was  apparently 
the  first  species  of  this  genus  which  was  studied  with  respect  to  germina- 
tion of  spores,  that  process  having  been  first  observed  and  described  bj^ 
Kuhn  in  1858.  It  was  later  studied  by  Wolff  (19),  Brefeld  (4),  McAlpine 
(11)  and  others.  According  to  Brefeld  a  promycehal  tube  of  varying 
length  is  first  produced,  and  at  its  apex  it  branches  verticiUately  into  a 
whorl  of  four  to  six  branches.  These  branches  increase  in  length  by  apical 
growth,  and  they,  as  well  as  the  promycehal  tube,  become  progressively 
septate,  while  the  protoplasmic  content  of  the  older  cells  constantly  dis- 
appears and  the  only  living  cells  are  those  at,  and  just  back  of,  the  growing 
tips.  The  verticillate  branches  never  produce  conidia,  but  form  mycehum 
by  continued  growth.    McAlpine  considers  the  verticillate  branches  them- 
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selves  as  conidia,  but  does  not  state  that  he  ever  found  them  detached. 
This  resembles  the  process  in  U.  cepulae  in  (1)  the  production  of  the  whorl 
of  branches,  (2)  the  complete  absence  of  sporidia  and  (3)  the  progressive 
emptying  of  the  cells.  The  main  point  of  difference  is  in  the  elongated, 
ultimately  septate,  promycelium  in  U.  occulta  which  replaces  the  globose 
vesicle  of  U.  cepulae. 

In  U.  Tritici  Koern.  the  process  is  almost  identical  with  that  of  U. 
occulta  according  to  McAlpine  (11),  but  the  promycelium  is  at  times  uni- 
cellular, a  condition  which  suggests  that  of  U.  cepulae. 

The  germination  process  in  U.  Anemones  (Pers.)  Wint.  has  been  studied 
by  Fischer  von  Waldheim  (7),  Plowright  (14)  and  Brefeld  (4).  As  de- 
scribed and  figured  by  Brefeld  it  is  almost  identical  with  the  process  which 
the  writer  observed  in  U.  cepulae  except  that  the  promycelium  is  not  so 
large.  The  whorl  of  2  to  4  branches  arises  very  close  to  the  surface  of  the 
spore  on  a  very  much  reduced  promycelium,  and  they  remain  permanently 
sterile. 

In  U.  Filipendulae  Tul.  (Brefeld  (4)  )  the  whole  process  is  identical  with 
that  of  U.  Anemones. 

Germination  of  the  spores  of  U.  Violae  Sow.  has  been  studied  by  Prillieux, 
Dangeard,  Brefeld  (4)  and  others,  being  a  favorite  subject  for  study  because 
of  the  ease  with  which  germination  can  be  brought  about  in  water.  Each 
fertile  cell  of  the  spore  ball  produces  an  elongated  promycelium  which 
becomes  septate  just  as  in  U.  occulta.  A  whorl  of  three  to  eight  diverging 
branches  is  produced  at  the  apex.  Each  verticillate  branch  grows  out  at- 
the  distal  end  into  a  slender  sterigma  on  which  is  borne  a  long  cylindrical 
conidium.  In  nutrient  solution  these  primary  conidia  may  produce  sec- 
ondary or  tertiary  conidia.  The  process  in  this  species  differs  from  that 
of  U.  cepulae  (1)  in  the  length  of  the  promycelium,  and  more  especially  (2) 
in  the  development  of  conidia. 

In  general,  then,  we  may  conclude  that  U.  cepulae  differs  in  its  germina- 
tion from  the  other  species  of  Urocystis  (except  U.  Violae)  only  in  theshape 
of  the  promycelium  which  is  here  reduced  to  a  nonseptate  hemispherical 
vesicle.    All  other  details  of  development  appear  to  be  identical. 

Comparison  with  the  Process  as  described  by  Thaxter. 
As  described  and  figured  by  Thaxter  the  spores  germinate  by  a  single 
long  irregularly  branched  tube  on  the  tips  and  lateral  branches  of  which 
are  borne  small  ellipsoidal  to  long  ovoidal  conidia.  He  does  not  mention 
a  globose  promycelium  or  whorl  of  branches  such  as  the  writer  has  always 
observed.  The  marked  differences  in  the  process  as  observed  by  the  wi'iter 
and  as  described  by  Thaxter  are  difficult  to  explain,  unless  they  are  due  to 
contamination  in  the  cultures  used  by  the  latter.  He  states  that  he  was 
unable  to  obtain  the  material  pure,  and  that  "all  the  cultures  swarmed 
with  bacteria."  The  presence  of  these  same  bacteria  might  produce  a 
difference  in  the  development  of  the  germiaation  process.  The  writer  in 
attempting  to  secure  germination  by  Thaxter's  method  also  failed  to  keep 
the  spores  free  from  bacteria  and  therefore  changed  to  a  different  method. 
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III.     Sapkophttism, 

The  early  botanists  and  mycologists  believed  that  smut  fungi  were  obli- 
gate parasites,  i.e.,  they  developed  only  when  in  parasitic  relation  with  host 
plants  from  the  hving  cells  of  which  they  must  take  their  nourishment. 
We  now  know,  however,  that  at  least  most  smut  fungi  have  in  their  hfe 
cycle  a  saprophytic  period  during  which  they  may  develop  extensively 
and  propagate  for  a  long  time,  deriving  nourishment  only  from  dead 
organic  material  in  the  soil  or  other  substrata.  Also  most  of  them  may 
be  propagated  indefinitely  in  artificial  culture  media  of  various  composi- 
tions. Our  knowledge  of  this  stage  began  with  the  extensive  investigations 
of  Brefeld  (3),  and  has  been  increased  later  bj^  numerous  smaller  contribu- 
tions from  a  large  niunber  of  workers.  Urocystis  cepulae  is  no  exception  to 
the  rule,  and  is  very  readily  isolated  and  grown  in  a  large  number  of  cul- 
ture media  and  on  soil.  It  is  probably  able  to  exist  and  grow  in  the  soil  for 
years  in  entire  absence  of  onions. 

Isolation. 
Two  methods  of  isolation  have  been  used  by  the  writer.  By  the  first 
m  ethod  a  germinating  spore  on  an  agar  plate  is  located  under  the  micro- 
scope by  a  ring  of  India  ink,  care  being  taken  that  this  spore  is  far  enough 
removed  from  all  others  to  prevent  confusion.  When  themycelium  from  the 
germinating  spore  has  increased  to  such  an  extent  that  it  is  visible  to  the 
naked  eye  as  a  tiny  white  speck  it  is  transferred  to  an  agar  slant  where  it 
gradually  spreads  to  the  agar  of  the  tube  and  can  be  grown  for  a  long 
period.  This  method  was  used  especially  in  the  original  isolations  when 
it  was  necessary  to  know  for  certain  that  the  resulting  fungus  originated 
from  a  single  spore  of  Urocystis  cepulae.  In  later  work  a  more  rapid  method 
was  used.  A  part  of  a  cotyledon  or  young  leaf  containing  a  lesion  which 
had  not  yet  broken  open  was  washed  for  a  few  minutes  in  mercuric  chloride 
1  to  1,000  and  then  in  sterile  water.  The  lesion  was  then  cut  into  as  many 
pieces  as  desirable  and  the  pieces  transferred  to  agar  slants.  One  hundred 
per  cent  of  pure  cultures  could  be  obtained  in  this  way.  Lesions  of  any 
age  could  be  used,  but  the  youngest  were  found  to  be  most  satisfactory. 

Cultural  Characters. 
The  range  of  media  on  which  the  fungus  mil  develop  is  almost  unlimited. 
Those  which  the  writer  has  used  are  listed  below  along  with  a  brief  state- 
ment of  the  peculiarities  exhibited  by  the  organism  on  that   particular 
medium. 

Potato  Agar. 

The  ordinary  potato  agar  containing  a  boiled  decoction  from  a  large  potato  and 
17  grams  of  agar  to  a  liter  of  water.  No  sugar  was  added  and  the  acidity  was  not 
determined.  Growth  very  slow,  reaching  a  diameter  of  1  cm.  in  about  ten  days; 
very  dense  and  compact  like  fine  felt,  snow  white,  dry,  flat,  but  with  considerable 
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•aerial  mycelium;  margin  very  definite  and  even.  After  about  ten  days  the  mycelium 
ishows  more  and  more  of  a  tendency  to  grow  beneath  the  surface  of  the  agar,  and 
the  edge  has  the  appearance  of  gradually  fading  away  into  the  surrounding  agar. 
Growth  may  progress  for  several  weeks,  but  is  gradually  checked  by  the  drying 
out  of  the  agar.  Some  of  the  cultures  show  indistinct  zonation.  With  age  the 
surface  of  the  felt  may  become  rugose. 

Oat  Agar. 

Growth  more  luxuriant  than  on  potato  agar,  showing  denser  zones  of  white 
mycelium.  No  change  of  color  in  mycelium  or  in  the  medium.  Growth  not  suf- 
ficiently different  from  that  on  potato  agar  to  have  any  diagnostic  value. 

Nutrient  Beef  Broth  Agar. 

The  standard  agar  of  bacteriological  work.  Growth  scanty,  much  less  than  on 
potato  agar,  slimy,  and  taking  on  the  color  of  the  medium;  never  dry,  very  little 
aerial  mycelium.    A  very  poor  medium  for  growing  the  organism. 

Czapek's  Agar.  ^ 

This  was  found  to  be  a  very  favorable  medium,  the  growth  being  more  rapid 
and  with  a  greater  abim.dance  of  white,  cottony  aerial  mycelium  than  on  potato 
agar.  After  about  two  weeks  the  agar  below  the  growth,  especially  in  the  upper 
part  of  the  tube,  turns  maize  yellow,  ^  due  to  the  suffusion  of  a  pigment.  After 
about  four  weeks  the  color  becomes  more  intense  —  aniline  yellow  or  citrine  yel- 
low. With  age  this  darkens  to  orange  citrine  or  to  various  shades  of  olive.  Also 
the  mycelium  as  seen  from  above  loses  its  white  color  after  three  or  four  weeks, 
showing  various  shades  of  greenish  yellow  —  citrine  drab,  olive  lake,  etc.  These 
color  changes  on  Czapek's  agar  offer  one  good  diagnostic  character. 

Onion  Decoction. 

Prepared  by  boiling  a  sliced  onion  in  a  liter  of  distilled  water  and  sterilizing  the 
filtered  product  for  one  hour  at  15  pounds'  steam  pressure.  Growth  very  slow, 
resulting  in  development  of  little  compact  balls  of  mycelium;  brown  when  in  the 
bottom  of  the  tubes  or  white  when  on  the  surface  of  the  liquid.  Growth  continues 
for  months  very  slowly,  but  the  little  balls  of  mycelium  do  not  attain  a  diameter 
of  over  1  cm. 

Onion  Aggr. 

Prepared  exactly  like  potato  agar,  but  the  onion  decoction  as  described  above 
is  used  instead  of  potato  juice.  This  was  found  to  be  not  only  the  best  medium  for 
culturing  Urocystis,  but  also  very  much  better  than  potato  agar  for  growing  many 
other  fungi  which  the  writer  had  occasion  to  try  on  it.  It  is  very  easily  prepared, 
has  a  minimum  of  sediment  even  when  not  filtered,  and  altogether  forms  a  very 
superior  general  purpose  agar.  Its  only  objectionable  qualities  are  the  obnoxious 
odor  in  the  laboratory  during  preparation,  and  the  fact  that  the  growth  of  certain 
fungi  is  too  luxuriant  for  some  purposes.  The  growth  starts  with  a  dense  white 
felt  much  like  that  on  potato  agar,  but  more  rank.  After  about  a  week  wrinkles 
begin  to  appear  near  the  center,  and  these  spread  and  become  sharper  and  the 
irregular  ridges  more  elevated  with  age,  also  at  the  same  time  the  crests  of  the 
ridges  become  hygrophanous  and  gray.    This  appearance  spreads  until  it  involves 

1  For  method  of  preparation  see  Soil  Science,  2:113. 
^  All  colors  according  to  Ridgway's  Color  Standards. 


114  TECHNICAL   BULLETIN   4. 

the  entire  center  or  wrinkled  part  of  the  growth.  The  convoluted  gray  growth  on 
onion  agar  is  perhaps  the  best  diagnostic  cultural  character  of  the  species.  It  has 
been  very  constant  in  the  many  series  of  cultures  which  the  writer  has  made  with 
this  agar.  After  a  few  weeks  the  color  in  reverse  becomes  darker,  reaching  cinna- 
mon brown  in  about  five  weeks. 

Sugar  Potato  Agar. 

Prepared  as  potato  agar  with  the  addition  of  3  per  cent  of  saccharose.  Growth 
is  coarser  in  texture,  more  luxuriant  and  spreads  more  rapidly  than  on  potato 
agar.  The  aerial  mycelium  is  not  snow  white,  but  early  assumes  a  cream  color 
changing  to  cartridge  buff  after  a  few  weeks. 

Effect  of  Concentration  of  Sugar  onGrouih  of  the  Mycelium  in  Culture.  — 
In  the  series  of  cultures  on  different  media  it  was  observed  that  the  best 
growth  occurred  on  media  containing  considerable  sugar,  ^dz.,  Czapek's, 
sugar  potato  and  onion  agar.  This  led  the  writer  to  suspect  that  sugar  is 
the  essential  element  of  nutrition  both  in  culture  media  and  on  the  host 
itself,  since  the  onion  contains  a  high  percentage  of  saccharose.  In  order 
to  determine  the  effect  of  sugar  on  the  development  of  the  organism, 
Czapek's  synthetic  agar  was  prepared  first  without  any  sugar  and  next 
with  .5,  1,  2,  3,  5,  7  and  10  per  cent  of  cane  sugar.  Five  tubes  of  each 
were  inoculated  at  the  same  time  and  accurate  notes  taken  each  day.  No 
growth  whatever  occurred  where  no  sugar  was  included.  At  the  end  of 
three  weeks  there  was  very  little  difference  in  the  diameter  of  the  growths 
on  all  the  other  concentrations,  but  those  on  the  higher  concentrates  were 
a  little  more  dense.  The  most  apparent  difference  was  in  the  color  which 
was  imparted  to  the  agar.  In  the  .  5  per  cent  the  culture  was  pure  white 
in  reverse,  while  in  the  10  per  cent  it  was  bright  yellow.  The  other  con- 
centrates formed  a  perfectly  graded  series  between  the  two.  The  only 
other  difference  noticed  was'  a  wrinkling  of  the  surface  of  the  growth  in 
some  of  the  higher  concentrates,  and  its  entire  absence  from  the  cultures 
of  low  sugar  content.  Certain  conclusions  seem  warranted  from  this 
experiment:  (1)  agar  and  inorganic  salts  alone  do  not  furnish  food  for 
growth;  (2)  the  yellow  color  in  the  agar  is  due  to  some  reaction  with  the 
sugar;  (3)  the  amount  of  growth  (at  least  for  three  weeks)  does  not  depend 
on  the  amount  of  sugar  present.  Any  one  of  the  concentrates  apparently  [ 
contained  more  than  the  maximum  amount  which  the  organism  could 
utilize. 

Substitution  of  Starch  for  Sugar.  —  In  order  to  see  whether  the  fungus 
can  utilize  starch  as  a  source  of  carbon,  agar  tubes  were  prepared  identical 
with  Czapek's  except  for  the  substitution  of  soluble  starch  for  saccharose,  ij 
A  scanty  growth  occurred,  but  even  after  four  weeks  it  had  not  attained  a  [s 
diameter  of  1  cm.  and  was  very  thin.    Apparently,  then,  Urocystis  canii 
utilize  starch,  but  it  is  a  very  poor  source  of  carbon. 

Soil  Decoction  Agar. 

Prepared  by  adding  2  per  cent  of  agar  to  the  soil  decoction  described  above. 
Growth  was  much  less  vigorous  than  on  potato  agar,  and  thin,  but,  on  the  other 
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hand,  spread  almost  as  rapidly  over  the  surface  for  the  first  few  weeks.  There  can 
be  no  question  whatever  but  that  soluble  elements  in  the  soil  furnish  sufficient 
food  for  the  development  of  the  mycelium. 

Dimg  Decoction  Agar. 

Prepared  by  adding  2  per  cent  agar  to  the  dung  decoction  previously  mentioned. 
Growth  much  thicker  than  on  the  soil  decoction  agar,  but  not  as  heavy  as  on 
Czapek's,  sugar  potato,  etc.  Dense  white  aerial  mycelium.  The  conclusion  seems 
warranted  that  horse  manure  furnishes  all  the  elements  necessary  for  the  growth 
of  the  fungus,  and  is  more  favorable  medium  than  a  good  soil.  Apparently  a  heavily 
manured  soil  would  be  more  favorable  for  the  propagation  of  smut  than  one  which 
was  not  manured. 

Tolerance  of  Acid.  —  Four  series  of  cultures  were  made  on  onion  agar,  — 
the  first  series  without  lactic  acid;  second,  with  1  drop  of  lactic  acid  per 
tube;  third,  with  2  drops  per  tube;  fourth,  with  3  drops.  All  were  inocu- 
lated at  the  same  time.  Growth  was  rank  and  normal  in  the  series  in  which 
no  lactic  acid  was  added;  no  growth  whatever  in  the  series  in  which  3 
drops  were  added;  a  very  slight  growth  where  2  drops  were  added;  growth 
much  retarded  in  the  1-drop  series.  This  series  was  begun  with  the  pur- 
pose of  finding  a  method  of  excluding  bacteria  from  cultures  of  the  smut 
fungus,  but  the  latter  was  apparently  checked  by  acid  just  as  much  as  the 
bacteria. 

Effect  of  Freezing  the  Cultures. 

Cultures  on  potato  agar  and  on  onion  agar  were  kept  out  of  doors  for 
two  months  during  the  most  severe  winter  weather  of  1919-20.  Transfers 
were  then  made  to  fresh  agar  tubes,  and  the  mycelium  grew  luxuriantly 
and  rapidly  on  the  surface  of  the  slants.  In  fact,  the  growth  at  first  seemed 
to  be  even  better  than  when  transfers  were  made  from  cultures  which  had 
not  been  frozen.  Accurate  measurements  on  a  second  series  showed  a 
slight  difference  in  favor  of  the  transfers  from  frozen  mycelium  during 
the  first  few  days,  but  it  was  not  permanent.  We  may  conclude,  then,  that 
freezing  not  only  does  not  injure  the  mycelium,  but  possibly  stimulates 
it  to  even  better  growth. 

Microscopic  Characters  of  the  Mycelium  in  Culture. 
The  characters  of  the  mycelium  differ  somewhat  with  the  age  of  the 
culture.  Microscopic  examination  of  a  culture  a  week  old  shows  slender 
hyaline  hyphse  of  rather  uniform  diameter,  about  2/<,  with  rather  indistinct 
septa  and  homogeneous  contents.  Branches  arise  almost  exclusively  from 
the  upper  ends  of  the  cells  and  diverge  at  a  wide  angle.  The  characters 
have  not  changed  from  the  condition  previously  described  under  germina- 
tion of  the  spores.  Not  all  of  the  cells  of  the  mycelium  appear  to  be  alive; 
some  of  them  are  empty  and  apparently  dead ;  others  are  full  of  homoge- 
neous protoplasm  with  no  vacuoles.  Under  the  oil  immersion  lens  one 
notices  certain  very  refractive  granules  scattered  throughout  the  dense 
protoplasm  (Fig.  2,  A).    The  cells  are  easily  broken  apart,  and  when  a 
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mount  is  made  the  hyphse  appear  in  segments  as  represented  in  the  figure. 
At  this  early  stage  they  show  no  constrictions  at  the  septa.  No  conidia 
can  be  found.    Clamp  connections  have  not  been  observed. 

If,  however,  cultures  several  weeks  old  are  examined  microscopically  it 
will  be  observed  that  certain  changes  have  taken  place.  The  aerial  myce- 
lium may  remain  about  the  same  as  described,  except  that  the  cells  appear 
vacuolated,  but  there  will  now  be  found  a  different  kind  of  mycelium  be- 
neath the  agar  surface.    These  hyphse  are  stouter,  averaging  3.2//  in  diam- 
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Fig.  2.  —  Details  of  hyphse  in  culture.    Detached  hyphal  cells  at  C  and  further  development 

of  same  at  D. 


eter,  the  cells  are  much  shorter,  the  septa  very  distinct,  and  the  hyphse 
decidedly  constricted  at  the  septa,  so  much  so  that  the  hyphse  appear  almost 
like  strings  of  separate  cells.  A  large  proportion  of  the  cells  become  shaped 
like  dumb  bells.  When  disturbed,  as  in  mounting,  the  cells  of  the  thread 
break  apart  very  readily  so  that  when  one  makes  a  mount  of  an  old  luxuri- 
ant culture,  such  as  on  onion  agar,  he  hardly  finds  mycelium  at  all,  but 
only  these  irregular  separate  units.  Most  of  them  are  branched  at  the 
tip.  A  strand  of  this  mycelium  is  represented  in  Fig.  2,  B,  with  a  young 
ordinary  hypha  for  comparison.  The  appearance  of  the  separate  cells 
from  an  onion  agar  culture  as  seen  fioating  about  in  the  microscopic  prep- 
aration is  represented  in  Fig.  2,  C. 


Fate  and  Function  of  the  Detached  Hyphal  Cells. 
Since  these  large  detached  cells  appear  so  early  in  the  development  of  a 
culture  and  in  such  large  numbers,  it  does  not  seem  probable  that  they 
represent  merely  a  stage  in  the  degeneration  or  breaking  down  of  the 
mycelium.  Apparently  they  have  some  role  in  the  life  history  of  the 
organism.  In  order  to  determine  whether  they  are  capable  of  further  de- 
velopment, a  culture  was  thoroughly  shaken  in  water  and  the  detached  cells 
floated  out  on  sterile  agar  plates  as  described  previously  for  germination  of 
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the  spores.  Within  twenty-four  hours  slender  tubes  of  about  half  the  diam- 
eter of  the  original  cells  could  be  observed  growing  out  from  them.  These 
tubes  originate  from  one  or  from  both  ends  of  the  cell,  quickly  become 
septate  and  branched,  and  within  three  days  each  is  the  center  of  a  white 
mycelium  which  can  be  seen  with  the  naked  eye.  The  centrifugal  empty- 
ing of  the  ceUs,  the  branching,  and  all  other  characters  are  the  same  as 
those  of  the  growths  from  the  chlamydospores.  Practically  100  per  cent 
germinated,  No  conidia  could  be  found  on  them  at  any  stage.  The  de- 
velopment of  these  cells  is  represented  by  Fig.  2,  D. 

Taken  in  connection  with  the  fact  that  no  true  conidia  have  appeared 
in  any  of  the  cultures,  the  conclusion  seems  warranted  that  these  cells 
detached  by  division  of  the  vegetative  hyphse  are  analogous  to  and  serve 
the  same  purpose  as  the  sporidia  (conidia)  of  other  smut  fungi  in  propa- 
gation and  dissemination.  In  fact,  ahiaost  any  cell  of  the  mycelium  which 
retains  its  protoplasm  is  a  potential  spore,  and  may  serve  all  the  functions 
of  the  same.  Since  the  cells  are  so  easily  detached  and  germinate  so  quickly 
and  universally,  their  importance  in  the  distribution  of  the  disease  can 
hardly  be  overestimated. 

Life  in  the  Soil. 

There  are  at  least  two  ways  in  which  the  organism  may  pass  from  the 
host  into  the  soil;  (1)  when  the  spores  are  mature  and  the  sorus  is  exposed 
by  rupture  of  the  enclosing  host  tissue,  the  spores  fall  out  or  are  blown  or 
shaken  out  by  various  agencies  and  fall  to  the  ground;  (2)  as  previously 
described,  mycelium  from  any  buried  lesion  may  grow  from  the  disinte- 
grating tissues  directly  into  the  surrounding  soil.  It  has  also  been  indicated 
in  cultures  on  soil  extract  media  that  the  soil  contains  all  the  elements 
necessary  to  induce  germination  of  the  spores  and  to  nourish  the  mycelium 
into  further  growth.  In  order  to  study  further  this  period  of  development 
of  the  organism,  pure  cultures  on  soil  were  made  by  inoculating  Ehrlen- 
meyer  flasks  of  sterilized  soil,  some  by  placing  a  small  portion  of  diseased 
cotyledon  on  the  center  of  the  surface  of  the  soil,  others  by  placing  bits 
of  mycelium  from  agar  tubes  in  the  same  position.  Within  a  few  days 
the  mycelium  could  be  seen  plainly  with  the  naked  eye  passing  from  both 
into  the  soil  and  spreading  over  its  surface.  After  four  weeks  it  was  iso- 
lated from  all  points  of  the  soil  surface.  After  more  than  a  year  it  could 
still  be  isolated  in  pure  culture.  Microscopic  examination  of  mycelium 
from  the  soil  showed  the  same  characters  that  are  previously  described 
for  cultures  and  the  same  detached  cells. 

Summary  of  the  Saprophytic  Stage  in  the  Natural  Life  History. 
From  all  that  has  preceded  concerning  this  stage  we  may  draw  some 
conclusions. 

1.  The  fungus  lives  naturally  in  the  soil,  especially  where  there  is  an 
abundance  of  organic  material. 

2.  It  derives  sufficient  nutrient  materials  from  the  soil  to  grow  and 
spread  extensively  during  this  stage. 
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3.  It  enters  the  soil  either  as  spores  or  as  mycelium  from  the  buried 
parts  of  diseased  onions. 

4.  No  typical  conidia  (sporidia)  are  produced  but  it  can  be  widely  dis- 
seminated by  the  detached  mycelial  cells  which  may  be  carried  about  by 
water,  wind,  rain,  tools,  animals,  workmen,  etc. 

5.  It  probably  lives  in  the  soil  in  this  state  for  years  without  the  pres- 
ence of  onions. 

6.  As  will  be  shown  later,  infection  may  take  place  directly  from  this 
mycelium,  and  the  presence  of  spores  is  not  necessary. 

7.  The  number  of  years  which  must  elapse  before  onions  can  be  grown 
safely  on  an  infested  piece  of  land  is  not  necessarily  decided  by  the  lon- 
gevity of  the  chlamydospores,  but  in  all  probabihty  by  the  length  of  time 
during  which  the  mycelium  can  continue  to  live  and  develop  saprophyti- 
cally  without  having  to  pass  again  through  a  parasitic  stage. 

IV.    Infection. 

Very  little  has  been  published  concerning  infection  except  the  bare  fact 
that  it  occurs  at  an  earlj^  period  in  the  growth  of  the  plant.  Concerning 
the  method  and  point  of  entrance,  character  of  inoculum,  etc.,  nothing 
has  been  previously  ascertained. 

Development  of  the  Onion  Seedling. 
In  order  to  understand  the  description  of  infection  given  below  it  is 
necessary  that  the  reader  should  know  something  of  the  stages  through 
which  an  onion  seedling  passes  during  the  process  of  germination.  The 
resting  seed  consists  of  a  hard,  black  outer  seed  coat,  a  nutritive  endosperm, 
and  an  embryo.  -The  embryo  is  coiled  like  a  snail  within  the  endosperm 
(Fig.  3,  A).  The  larger  part  of  the  coil  represents  the  cotyledon;  only  a 
short  portion  of  the  free  end  is  the  radicle.  In  the  lower  part  of  the  coty- 
ledon, just  above  where  it  joins  the  radicle,  there  is,  even  at  this  early 
stage,  a  small  canity.  A  minute  bud,  lb,  arises  from  the  base  of  and  pro- 
jects into  the  cavity.  This  bud  is  the  primordium  of  the  first  leaf,  and  the 
cavity  in  this  and  later  stages  is  called  the  cotyledonary  cavity,  cc.  Sev- 
eral layers  of  elongated  cells  throughout  the  length  of  the  center  of  the 
embryo  indicate  the  position  which  the  fibrovascular  bundle  of  the  seedling 
will  occupy.  Germination  begins  witji  rapid  elongation  of  the  embryo,  the 
radicle  and  lower  part  of  the  cotyledon  being  thus  pushed  through  the 
micropyle,  a  small  opening  in  the  seed  coat.  This  elongation  is  effected 
both  by  longitudinal  stretching  of  the  cells  of  the  embryo  and  by  cell 
division .  Food  and  water  for  this  activity  are  absorbed  by  the  upper  end 
of  the  cotyledon  which  remains  attached  in  the  endosperm.  On  the  third 
day  after  planting,  the  projecting  radicle  is  about  3  to  4  mm.  long.  The 
root  usually  points  upward  as  it  emerges,  but  geotropism  soon  causes  it 
to  turn  downward  and  the  cotyledon  describes  a  sharp  curve  as  indicated 
in  Fig.  3,  B  and  C.    It  will  be  noticed  that  the  tip  of  the  leaf  bud  now 
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Section   through   a   resting 

seed. 
Longisection  of  a  seedling 

four  days  after  planting. 
Successive  stages  in  the  de- 
velopment from  the  third 

day  to  the   twenty-fifth 

day. 
D.    Diagrammatic   longisection 

through  the  growing  zone 

at  the  end  of  two  weeks. 

Symbols  for  parts  are  the 

same  in  all: 
sc,  seed  coat. 
en,  endosperm. 
em,  embryo. 
lb,  leaf  bud  or  primordium  of 

first  leaf. 
re,  root  cap. 
r,  radicle  or  first  root. 
en,  cotyledon. 
rj,  root  joint. 
kn,  knee. 
al,  ascending  leg. 
dl,  descending  leg. 
CO,  exterior  opening  of  coty- 

ledonary  cavity. 
rS  and  rS,   first   and   second 

secondary  roots. 
ce,  cotyledonary  cavity. 
gp,  growing    zone,    region    of 

origin   of  all   leaves  and 

roots. 
lbs,  primordium     of     second 

leaf. 


Fig.  3.  —  Development  of  an  onion  seedling. 
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points  upward.  At  this  early  date  the  point  of  division  between  radicle 
and  cotyledon  is  indicated  by  a  slight  sweUing,  the  root  joint,  rj.  As  all 
the  parts  continue  to  elongate  rapidly  the  curve  in  the  cotyledon  becomes 
a  sharp  knee,  kn,  the  part  between  the  knee  and  seed  is  the  ascending  leg, 
al,  while  that  between  the  knee  and  the  root  joint  is  the  descending  leg, 
dl.  The  primary  root  grows  down  very  rapidly  and  is  soon  several  times 
as  long  as  the  cotyledon.  From  about  the  fifth  day  it  will  be  noted  that 
the  descending  leg  elongates  more  rapidly  than  the  ascending  leg.  The 
first  part  to  appear  above  ground  (seventh  to  tenth  day)  is  the  tip  of  the 
knee,  and  each  part  becomes  green  as  soon  as  it  has  reached  the  Hght. 
The  seed  may  still  remain  in  the  ground  for  a  week  or  more  after  the  knee 
has  appeared,  but  since  it  is  firmly  attached,  and  since  the  descending  leg 
continues  to  elongate  more  rapidly  than  the  ascending  leg,  the  seed  is 
finally  carried  into  the  air  (Fig.  3,  C).  The  knee  then  has  a  tendency  to 
straighten  out,  but  its  position  is  indicated  as  long  as  the  cotyledon  lives 
by  a  sharp  kink.  On  about  the  ninth  or  tenth  day  the  first  secondary  root, 
r2,  may  be  seen  pushing  out  from  the  swollen  root  joint,  and  this  is  fol- 
lowed later  by  others  in  rapid  succession,  rS.  Meanwhile  the  first  leaf 
bud  has  been  elongating  rapidly.  The  cotyledonary  cavity  elongates  also 
in  proportion  (Fig.  3,  D).  It  should  not  be  understood  that  this  cavity 
is  absolutely  included,  without  any  opening  to  the  outside;  on  the  con- 
trary, its  upper  narrowed  apex  communicates  with  the  outside  air  through 
a  small  longitudinal  sht  in  the  side  of  the  cotyledon  (CO  in  Fig.  3,  C  and 
D).  As  the  leaf  bud  pushes  its  way  upward  the  sides  of  the  cavity  are 
distended,  and  finally  from  about  the  seventeenth  to  twenty-fifth  day  the 
tip  passes  through  the  slit  and  appears  on  the  outside  as  the  first  leaf 
(lb  in  Fig.  3,  C).  But  before  this  time  the  primordium  of  the  second  leaf, 
lbs,  has  appeared  in  a  depression  at  the  base  of  the  first,  and  successive 
leaves  follow  rapidly,  each  starting  from  the  base  of  the  next  preceding 
at  a  very  early  stage.  The  successive  secondary  roots  also  start  from  the 
same  region.  This  very  active  meristematic  region,  the  growing  point,  gp, 
is  very  restricted,  and  remains  stationary  in  the  onion  until  after  the  bulb 
is  formed.  The  limited  size  and  stationary  position  of  the  growing  point 
from  which  all  new  organs,  roots  or  leaves,  originate  are  characters  of 
prime  importance  in  the  spread  of  the  smut  fungus  mthin  the  host  plant. 

Period  of  Susceptibility. 
It  is  a  well-known  fact  that  onions  are  susceptible  only  in  the  seedling 
stage,  and  are  immune  after  a  certain  stage  of  maturity  is  reached.  But 
we  have  no  exact  knowledge  of  the  duration  of  this  period  of  susceptibility, 
the  exact  stage  or  time  at  which  infection  first  occurs,  or  the  stage  or 
time  at  which  it  ceaijes.  The  establishment  of  two  points  is  thus  nec- 
essary: (1)  the  first  day  on  which  infection  takes  place,  and  (2)  the  last 
day  during  which  the  plant  can  be  infected.  The  latter  of  these  two  points 
was  established  by  the  following  experiment.  Seed  was  planted  in  a  flat 
of  sterilized  soil.    Beginning  with  the  third  day,  when  the  radicle  on  the 
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most  advanced  was  less  than  ^  cm.  long,  and  had  not  even  started  in  many 
of  them,  50  plants  were  transferred  each  day  to  soil  which  was  badly 
infested  and  which  could  be  depended  on  to  produce  almost  100  per  cent 
of  infection.  Notes  were  made  on  the  stage  of  development  of  the  seed- 
lings each  day,  and  a  careful  record  was  kept  of  all  the  plants  which  be- 
came smutted.  After  six  weeks,  when  the  plants  were  mostly  in  the 
fourth  leaf  (after  which  infection  never  starts),  all  of  them  were  pulled, 
and  the  following  table  compiled  to  show  the  complete  results  of  the 
experiment :  — 


Days  between  Planting  and  Transplanting. 

Percentage  of 
Infection. 

3 

100    , 

4 

100 

5        .         . 

95 

6 

100 

7 . 

100 

8 

98 

10 

87 

11 

87 

12 

70 

13 

59 

14 

15 

17        ... 

6 

18 

- 

19 

- 

Check  (left  in  original  sterile  sand) 

- 

The  following  conclusion  may  be  drawn  from  this  experiment :  Under 
greenhouse  conditions  the  greater  part  of  the  infection  occurs  within  two 
weeks  after  planting,  and  the  plants  are  no  longer  susceptible  after  the 
seventeenth  day.  Since  it  seems  probable  that  the  period  of  suscepti- 
bility is  not  limited  by  the  number  of  days  during  which  the  seeds  have 
been  in  the  soil,  but  by  the  length  of  time  required  for  the  seedling  to  pass 
through  certain  stages  of  development,  we  may  express  this  first  conclu- 
sion by  stating  that  susceptibility  begins  to  diminish  from  the  time  that 
the  knees  emerge  from  the  ground,  and  that  little  if  any  infection  occurs 
after  the  first  leaf  has  emerged  from  the  side  of  the  cotyledon.  In  a  large 
number  of  experiments  in  the  greenhouse  at  all  times  of  the  year  it  has 
been  found  that  the  knees  begin  to  appear  above  ground  in  seven  to  twelve 
days.  In  one  experiment,  where  the  house  was  very  cool,  it  required  over 
two  weeks,  and  in  this  case  the  percentage  of  infection  was  100,  and  the 
individual  plants  were  more  thoroughly  smutted  than  in  any  other  experi- 
ment tried.    Since,  then,  the  period  of  susceptibility  might  be  increased 
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by  the  length  of  time  required  for  the  seedHngs  to  reach  a  certain  stage, 
it  is  well  to  inquire  how  the  rate  of  growth  in  the  greenhouse  compares 
with  that  in  the  field.  During  the  spring  of  1920,  when  the  spring  was 
late  and  cold,  onions  in  the  field  did  not  come  up  for  over  two  weeks  in 
most  cases,  but  growers  have  frequently  told  the  writer  that  they  have 
had  fields  which  came  up  within  eight  days.  Apparently  weather  and  soil 
conditions  may  materially  affect  the  length  of  this  period.  Depth  of 
planting  might  also  influence  slightly  the  length  of  the  period  and  also  the 
chances  of  infection.  The  experiment  reported  above,  however,  gives  us  no 
information  as  to  the  date  when  infection  begins,  but  only  indicates  that 
it  ends  with  about  the  seventeenth  day.  I 

In  order  to  determine  the  stage  at  which  the  earhest  infection  starts,  — 
and  at  the  same  time  to  work  out  other  points  in  the  early  life  history,  — 
another  bed  of  onions  was  started  in  the  greenhouse  with  soil  known  to 
give  100  per  cent  of  smut  infection.  Beginning  with  the  third  day,  a  cer- 
tain number  of  plants  was  dug  up  each  day,  fixed  in  Flemming's  weaker 
solution,  run  up  into  paraffin,  sectioned,  mounted  serially  and  stained 
with  triple  stain.  No  mycehum  was  found  in  the  tissues  of  those  which 
were  fixed  on  the  third  and  fourth  days.  The  first  infection  was  found 
in  a  plant  which  was  dug  up  on  the  fifth  day  after  planting,  and  was 
apparently  a  very  young  infection  because  it  had  at  no  point  penetrated 
more  than  to  the  fifth  layer  of  cells  below  the  epidermis,  and  at  its  furthest 
point  was  not  more  than  150^  from  the  point  of  infection.  Fifteen  other 
plants  dug  at  the  same  time  were  carefully  searched  under  high  power 
through  every  section  of  92  slides,  but  no  other  trace  of  mycelium  was 
found.  It  is  probable,  therefore,  that  only  rarely,  if  ever,  has  the  my- 
celium entered  the  tissues  of  the  plant  on  the  fifth  day  after  planting 
(second  day  after  germination  has  started).  Since  cultural  experiments 
with  the  smut  fungus  have  shown  it  to  be  of  very  slow  growth,  at  least  in 
the  saprophytic  condition,  it  seems  hardly  possible  that  it  could  have 
succeeded  in  entering  the  tissues  before  the  second  day  after  germination 
of  the  seed  starts. 

It  may  be  concluded  from  everything  which  has  been  learned  up  to  the 
present  in  regard  to  the  period  of  susceptibility  that  infection  may  take 
place  at  any  time  between  about  the  second  day  after  the  seed  starts  to  germinate 
until  the  seedling  is  in  the  first  leaf  (a  period  of  about  twelve  days  in  the 
greenhouse) . 

Point  of  Infection. 
In  the  study  of  the  plants  fixed  and  stained  as  mentioned  above,  many 
very  young  infections  were  found  where  it  was  possible  to  determine  the 
point  of  entrance  for  the  mycelium.  Infections  were  found  at  the  knee 
above,  at  the  root  joint  below,  and  at  various  points  between,  also  at  least 
one  through  the  interior  wall  of  the  cotyledonary  cavity.  The  conclusion 
is,  therefore,  that  all  points  of  the  epidermis  at  least  between  the  root 
joint  and  the  knee  are  susceptible  to  penetration  by  the  smut  tubes.  In- 
fection was  never  found  taking  place  in  the  roots  proper  or  between  the 
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seed  and  knee.  From  observation  of  mature  sori,  however,  it  seems  prob- 
able that  infection  sometimes  occurs  above  the  knee.  Mycehum  in  various 
quantities  has  been  found  in  the  cotyledonary  cavity  of  many  plants,  even 
in  the  youngest  stages,  and  by  tracing  it  to  the  opening  of  this  cavity  it 
can  be  seen  that  it  comes  in  from  the  outside  through  the  natural  opening, 
but  in  most  cases  it  has  been  impossible  to  trace  a  direct  connection  be- 
tween this  mycelium  and  any  hyphse  inside  the  tissues  between  the  cells. 
This  mycelium  has  the  size  and  all  the  other  distinctive  characters  of 
smut  mycelium,  but  it  is  not  possible  to  prove  that  it  is  such.  It  was 
thought  at  first  that  this  was  the  usual  infection  court,  but  after  it  was 
demonstrated  beyond  any  question  that  in  a  large  number  of  cases  young 
infections  could  have  no  connection  whatever  with  this  cavity,  the  con- 
clusion was  reached  that  only  a  small  part  of  the  infection  could  be  ac- 
counted for  in  this  way.  It  is  still  doubtful  whether  the  mycelium  which 
was  found  in  the  ca\dty  was  always  that  of  CJrocystis,  or  whether  it  may 
have  been  that  of  another  soil  fungus. 

It  is  probable  that  all  infection  takes  place  through  the  cotyledon .  A  case 
was  never  noted  where  the  leaf  became  smutted  while  the  cotyledon 
remained  healthy.  More  careful  experiments  on  this  point,  however, 
might  show  that  the  leaf  does  sometimes  become  infected  fir,.;t.  It  is 
probable  that  all  infection  takes  place  beneath  the  surface  of  the  ground. 

Character  of  the  Inoculum. 
In  all  literature  on  onion  smut  it  has  been  assumed  that  the  spores  of 
the  organism  must  be  present  in  close  proximity  to  the  seedling  in  order 
that  infection  may  occur.  The  possibility  that  the  mycelium  might  be 
present  and  growing  saprophytically  and  indefinitely  in  the  soil,  and  might 
infect  without  the  immediate  presence  of  spores,  has  been  left  out  of  con- 
sideration. In  order  to  determine  the  ability  of  saprophytic  mycehum 
to  produce  infection,  onion  seeds  were  germinated  beneath  the  surface  of 
agar  cultures  in  test  tubes  in  such  a  way  that  the  developing  seedhng  as 
it  elongated  must  pass  through  the  mat  of  mjT^celium.  Over  50  per  cent 
of  the  seedlings  became  infected,  although  no  smut  spores  could  have 
been  present.  In  the  stained  sections  which  were  studied,  in  a  few  cases 
mycehum  was  found  outside  the  walls  of  the  epidermal  cells  where  infec- 
tion has  occurred.  Only  in  one  case  were  spores  found  in  these  sections, 
and  at  that  time  there  was  no  infection  beneath  them.  It  is  probable, 
however,  that  spores  would  usually  be  removed  by  the  washing  process, 
and  this  could  hardly  be  adduced  as  conclusive  evidence  against  the  neces- 
sity of  spores  for  infection.  It  is  probable  that  either  spores  or  saprophytic 
mycelium  in  the  soil  can  serve  as  the  inoculum. 

Method  of  Entrance. 
The  infecting  hypha  enters  the  epidermal  cell  by  boring  directly  through 
the  outer  wall.    Since  in  the  younger  infections  the  stomates  are  not  yet 
open,  and  mechanical  wounds  have  not  been  found,  there  is  no  other  route 
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by  which  it  could  make  its  way  into  the  interior  tissues  of  the  plant.  A 
stage  of  infection  has  not  yet  been  found  so  young  that  the  tube  has  just 
entered  the  epidermal  cell  and  has  not  progressed  further. 


Passage  through  the  Epidermal  Cells. 
In  the  youngest  infections  observed,  the  mj^celium  had  already  grown 
through  the  epidermal  cells,  and  its  tips  could  be  found  in  the  intercellular 
spaces  at  a  depth  of  two  or  more  layers  below.  In  some  cases  a  piece  of 
the  infecting  hypha  still  remained  on  the  exterior  of  the  cuticle,  but  was 
always  devoid  of  contents  and  consisted  only  of  somewhat  crumpled  walls 


Fig.  4.- 


Infection  through  the  epidermal  cells;  A,  B,  C  from  outside  the  cotyledon,  D  from 
the  cotyledonary  cavity. 


(Fig.  4).  A  broad  clear  canal  passes  inward  from  the  outer  wall  usually 
directed] toward  the  cell  nucleus.  The  wall  of  the  canal  appears  to  be 
continuous  with  the  cell  wall  as  if  merely  an  inward  extension  of  the  same. 
Commonly  it  is  much  thicker  at  the  point  of  entrance,  and  resembles  a 
slender  funnel  or  trumpet  in  shape.  It  was  not  found  possible  to  deter- 
mine whether  part  of  the  wall  of  the  canal  is  an  inward  growing  sheath  of 
the  same  substance  as  the  cell  wall,  or  whether  it  is  merely  a  thickened 
wall  of  the  hypha.  In  all  the  cases  observed,  the  canal  was  empty  at  the 
point  of  entrance.  The  host  nucleus  appears  to  exert  an  attractive  influ- 
ence. When  the  tube  has  reached  the  depth  of  the  nucleus,  it  branches 
to  form  a  tangle  of  stout,  swollen,  gnarled,  hyphse  which  may  be  confined 
to  the  region  immediately  about  the  nucleus,  or  may  reach  to  all  parts  of 
the  lumen  of  the  host  cell  (Fig.  4).    They  may  be  entirely  devoid  of  con- 
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tents  or  —  depending  on  the  stage  at  which  one  finds  them  —  may  con- 
tain protoplasm  and  bright  red  nuclei  scattered  singly  or  in  pairs.  The 
hyphal  tangle  may  be  confined  to  the  lower  (inner)  part  of  the  cell,  and 
is  always  more  dense  there  (Fig.  4,  C).  Its  windings  are  difficult  to  follow. 
These  intracellular  windings  stain  red  with  the  triple  stain.  There  is  a 
marked  contrast  between  the  large,  swollen  winding  intracellular  hyphae 
and  the  trim,  slender,  straight  intercellular  hyphse  between  the  cells  be- 
low, which  stain  violet  and  are  of  only  about  one-half  the  diameter  of  the 
former.  Usually  the  tangle  is  confined  to  one  epidermal  cell,  but  some- 
times the  adjacent  cells  may  be  invaded  (Fig.  4,  B).  The  attacked  epi- 
dermal cells  do  not  collapse,  and,  in  fact,  appear  practically  normal, 
Hyphae  pass  down  from  the  tangle  through  the  inner  wall  of  the  epidermis 
into  the  intercellular  spaces  immediately  beneath. 

Multiple  Infection, 
The  same  plant  may  suffer  from  a  number  of  infections.  In  one  plant 
fixed  eight  days  after  planting,  the  mycelium  was  found  passing  in  through 
the  epidermis  at  six  points  on  a  piece  of  the  cotyledon  less  than  a  centi- 
meter in  length.  In  young  stages  it  is  not  difficult  to  trace  each  mycelium 
to  its  Hmits  between  the  ceUs,  and  in  this  case  no  one  of  the  six  had  come 
into  contact  with  another.  It  is  not  unusual  to  find  seedlings  which  show 
five  or  six  sori  on  the  same  cotyledon.  Microscopic  examination  indicates 
that  these  are  not  the  results  of  a  single  infection,  but  that  for  each  sorus 
there  is  at  least  one  infection  thread  which  penetrated  the  epidermis  from 
the  outside.  This  statement,  however,  does  not  apply  to  the  sori  which 
appear  later  on  the  true  leaves. 

V,    Incubation  Period. 

The  incubation  period  is  the  time  which  elapses  between  infection  and 
the  first  externally  visible  symptom  of  disease.  Since  the  first  external 
symptoms  appear  at  approximately  the  same  time  that  the  spores  are 
forming,  we  may  say  that  the  incubation  period  is  that  segment  of  the  life 
cycle  between  infection  and  sporogenesis.  In  the  greenhouse  the  first 
symptom,  a  slight  curving  and  thickening  of  the  cotyledon,  has  been  ob- 
served here  on  the  tenth  day.  Since,  as  previously  stated,  infection  may 
take  place  as  early  as  the  fifth  day,  we  may  consider  that  this  period  occu- 
pies a  space  of  about  five  days  under  favorable  conditions  in  the  green- 
house. It  may  be  longer  outside,  but,  at  most,  is  a  comparatively  short 
period.  During  this  period  the  parasite  grows  rapidly,  spreads  inside  the 
host  and  prepares  to  form  spores. 

Young  Hyphce  in  the  Intercellular  Spaces. 
After  passing  through  the  epidermis  the  hyphse  are  intercellular  during 
the  remainder  of  their  development.    Just  below  the  inner  epidermal  wall 
they  spread  in  all  directions.    They  are  long,  slender,  and,  as  they  pass 
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along  the  longitudinal  walls,  appear  very  straight.  They  appear  to  pro- 
gress somewhat  more  rapidly  up  and  down  the  cotyledon  than  in  a  radial 
direction  inward.  In  the  young  stages  they  do  not  occur  in  strands  or 
bunches  between  the  cells,  but  one  finds  them  running  singly  (Figs.  4,  A 
and  5,  D).  They  do  not  appear  to  be  going  toward  any  definite  point, 
but  are  spreading  more  or  less  in  all  directions.  They  are  undoubtedly 
septate,  but  the  septa  in  the  very  young  hyphse  are  difficult  to  distinguish. 
The  protoplasm  passes  to  the  growing  tips,  and  leaves  empty  the  cells 
behind  it.  These  tip  cells  stain  deep  violet  with  the  triple  stain,  while 
those  cells  behind  them  take  less  and  less  stain  until  only  the  thin  line  of 
the  walls  can  be  seen.  The  nuclei  stain  bright  red  and  are  very  prominent, 
especially  back  of  the  deep  violet  tip  cells.  These  nuclei  may  occur  singly 
or  in  pairs  distributed  along  the  hyphse.  At  this  stage  it  is  not  always 
possible  to  tell  whether  the  two  nuclei  of  a  pair  are  in  the  same  or  different 
cells,  but  by  a  comparison  with  what  is  found  in  hyphse  somewhat  older, 
it  is  probable  that  here  also  the  cells  may  be  either  uninucleate  or  bi- 
nucleate.  The  contents  of  the  hyphal  cells  appear  homogeneous,  and  at 
this  stage  there  are  no  vacuoles  or  oil  drops.  The  hyphse  seem  to  be 
mostly  tightly  pressed  against  the  walls  of  the  cells,  but  at  places  can  be 
seen  passing  from  the  wall  of  one  cell  to  that  of  another  across  the  open 
spaces.  The  cells  are  long  and  the  branching  not  close  as  in  the  later 
stages.  The  branches  always  arise  monopodiallj^  from  just  below  the 
septum,  as  previously  described. 


Haustoria. 
These  absorbing  organs  are  not  numerous,  but  are  not  uncommon.  In 
some  infections  none  could  be  found,  while  in  others  they  are  fairly  com- 
mon. They  are  of  various  sizes  and  of  verj'-  irregular  shape  (Fig.  5,  A-E). 
They  are  not  much  different  from  the  haustoria  of  other  smuts  as  described 
by  various  writers.  They  are  always  very  much  branched,  but  the 
branches  may  be  reduced  to  mere  knobs  or  short  stubs  which  are  fre- 
quently bifid  at  the  apices  (Fig.  5,  A).  In  the  larger  haustoria,  however^ 
the  branches  are  longer  and  more  lax,  and  may  go  to  all  parts  of  the  cell 
(Fig.  5,  B  and  C) .  The  branches  of  these  larger  haustoria  are  usually  — 
but  not  always  —  imbedded  in  the  protoplasm  about  the  nucleus.  In 
some  cases  they  seem  to  be  tightly  gripping  the  nucleus,  and  the  latter 
appears  indented  by  the  pressure.  Their  shape  and  size  can  be  best 
understood  by  reference  to  the  figures.  In  many  of  them  an  appressorium- 
like  expansion  of  the  hypha  can  be  seen  flattened  against  the  outside  of 
the  cell  wall,  and  from  the  lower  side  of  this  expansion  a  narrow  neck 
passes  through  the  wall  (Fig.  5,  A,  E) .  It  is  not  certain,  however,  that 
this  appressorium  is  always  present.  In  the  larger  haustoria,  red  nuclei 
can  be  distinguished  in  varying  numbers,  but  in  smaller  ones,  and,  in  fact,, 
in  many  of  the  larger  ones,  no  nuclei  can  be  seen.  In  some,  the  position 
,        of  the  nucleus  in  the  stalk  of  the  haustoriura  is  evident  (Fig.  5,  C)  but 
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apparently  there  is  no  uniformity  either  in  the  position  or  number  of 
nuclei.  The  haustoria  usually  stain  yellowish  brown  with  the  orange  G 
of  the  triple  stain. 


Fig.  5.  —  Haustoria  (A-E)  and  absorptive  hyphal  expansions  (F,  G). 


Absorptive  Hyphal  Expansions. 
Frequently  during  the  incubation  period  one  finds  the  tips,  especially 
of  short  lateral  branches,  flattened  'out  like  spatulas  against  the  cells  of 
the  host.  In  some  sections,  just  before  sporogenesis,  these  structures  may 
be  found  in  great  numbers.  Usually  they  are  terminal  (Fig.  5,  G),  but 
not  infrequently  they  may  be  found  intercalary  within  the  ordinary 
course  of  a  hypha  which,  beyond  the  expansion,  continues  in  its  normal 
size  and  shape  (Fig.  5,  F).  They  resemble  the  appressoria  previously 
mentioned  as  the  bases  from  which  the  haustoria  arise,  but  their  number 
is  out  of  all  proportion  to  the  number  of  haustoria  which  one  finds  in  the 
same  sections.  No  description  of  these  organs  has  been  given  elsewhere,  and 
their  function  or  meaning  is  not  clear.  One  can  only  conjecture  that  their 
purpose  is  to  present  a  broad  absorbing  surface  for  securing  more  nourish- 
ment from  the  host  cells.  It  seems  doubtful  whether  haustoria  are  really 
necessary  in  this  connection,  because  many  infections  have  been  studied 
under  the  microscope  in  which  no  haustoria  could  be  found. 
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Progressive  Infection  of  Neio  Leaves. 
It  is  a  common  belief,  supported  by  statements  in  the  literature  of  the 
disease,  that  when  a  seedUng  once  becomes  infected  it  never  recovers. 
Such,  however,  is  not  the  case.  The  writer  has  watched  the  development 
of  many  seedlings  which  had  infected  cotyledons,  but  which  developed 
into  healthy  onions.  On  the  other  hand,  he  has  not  seen  an  onion,  in  which 
the  first  leaf  was  affected,  which  produced  a  healthy  bulb.  Usually  each 
successive  leaf  will  show  smut  sori,  and  they  are  not  always  in  any  appar- 
ent relation  to  the  sori  on  older  leaves.  As  previously  stated,  all  infec- 
tions come  through  the  cotyledon,  but  the  fate  of  the  plant  depends  on 
the  point  in  the  cotyledon  at  which  infection  takes  place.  If  it  occurs 
only  high  up  toward  the  knee,  or  above  it,  there  is  a  pretty  good  chance 
that  the  host  tissue  will  have  become  mature  or  dead  and  no  longer  suit- 
able for  spread  of  the  mycelium  before  the  latter  has  reached  the  gromng 
zone,  and  the  bulb  will  develop  normally.  But  if  infection  occurs  at  or 
very  near  the  root  joint,  the  mycelium  quickly  penetrates  to  the  growing 
zone  from  which  all  future  leaves  arise.  This  meristematic  tissue  furnishes 
the  ideal  condition  for  continuous  vegetation  of  the  pathogene,  and  as 
each  new  leaf  pushes  out  from  this  restricted  stationary  zone  it  contains 
filaments  from  which  the  new  sori  of  the  successive  leaves  develop.  When 
the  parasite  is  once  established  in  this  growing  point,  the  host  seem's  never 
to  be  able  to  shake  off  its  grip,  and  is  doomed.  It  is  not  quite  so  clear  why 
the  mycelium  does  not  enter  the  tissues  of  the  developing  roots  in  the 
same  way,  but  the  writer  has  never  been  able  to  find  it  in  these  organs. 

VI.    Sporogenesis. 

The  approach  of  spore  formation  is  first  indicated  by  massing  of  the 
mycelium  between  the  cells.  CJp  to  this  time  only  long  straight  slender 
hyphse  are  found  spreading  singly,  or  at  most  not  more  than  two  or  three 
together,  between  the  cells.  The  period  during  which  the  pathogene  ap- 
pears to  be  spreading  as  widely  and  rapidly  as  possible  between  the  cells 
has  just  been  described  as  the  incubation  stage.  The  distributive  hyphse 
now  begin  to  branch  profusely,  and  the  branches  are  not  straight  and 
parallel  to  the  main  hyphse,  but  become  twisted  and  interwoven  into 
dense  tangles  which  push  the  cells  apart  and  increase  the  area  of  inter- 
cellular spaces  within  which  the  spores  are  to  be  formed.  The  hyphse 
now  become  highly  vacuolated,  and  the  protoplasm  between  the  colorless 
vacuoles  stains  densely  blue  with  the  triple  stain,  while  the  old  cells  from 
which  the  protoplasm  has  passed  take  the  orange  stain.  The  beaded 
appearance  of  the  alternating  vacuoles  and  densely  staining  cytoplasm  is 
the  surest  indication  of  approaching  sporogenesis. 

These  spore  nests  or  sori  always  occur  between  the  cells  of  the  mesophyll 
anywhere  between  the  epidermis  and  the  bundles,  but  have  not  been  found 
inside  the  bundles.  They  are  extended  in  the  direction  of  the  length  of 
the  leaf  or  cotyledon. 
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Observation  of  the  exact  course  of  events  in  the  formation  of  a  spore  is 
rendered  difficult  by  the  denseness  of  the  mass  of  developing  spores,  and 
by  the  fact  that  in  the  young  stages  all  the  developing  parts  stain  so 
deeply  on  account  of  their  very  active  protoplasm  that  the  nuclei  and 
septa  can  hardly  be  made  out.  In  all  cases  which  have  been  observed, 
the  spore  begins  as  a  lateral  or  terminal  branch  which  curves  back  on  itself 
in  the  form  of  a  crozier  (Fig.  6,  A-I).  These  hook-like  croziers  may  be 
seen  in  enormous  numbers  in  the  mycelial  tangle  at  the  initiation  of  sporo- 


FiG.  6.  —  Stagesof  sporogenesis.  A-P,  development  of  the  crozier  and  origin  of  the  envelop- 
ing hyphtp;  Q,  section  through  young  spore  which  is  shown  in  surface  view  at  R;  S,  sec- 
tion through  mature  spore. 


genesis.  Even  after  the  spores  at  the  center  of  a  sorus  are  fully  formed, 
one  may  still  find  various  stages  of  development  extending  as  far  back  as 
the  crozier,  as  he  passes  from  the  center  toward  the  periphery  of  the  tangle. 
The  croziers  remind  one  of  those  from  which  the  asci  of  the  Ascomycetes 
are  developed.  They  stain  very  deeply,  and  apparently  the  protoplasm 
from  the  other  cells  of  the  hyphse  passes  into  them.  The  various  shapes 
which  they  may  assume  are  best  understood  by  consulting  Fig.  6.  By 
growth  from  the  apex  of  the  crozier  a  complete  circle  is  soon  formed  and 
then  a  spiral  if  further  terminal  elongation  occurs  (Fig.  6,  F,  L,  N,  P). 
At  about  this  time  the  crozier  or  spiral  begins  to  appear  angular  and 
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irregular  (Fig.  6,  M),  due  to  protuberances  which  mark  the  origin  of  short 
lateral  outgrowths  which  soon  curve  inward  along  the  surface  of  the  devel- 
oping ball  (Fig.  6,  P).  The  whole  structure  becomes  so  complicated  at 
this  time  that  it  is  not  always  possible  to  make  certain  of  the  exact  course 
of  events.  The  surface  view  now  shows  a  dense  ball  of  interwoven  hyphse 
(Fig.  6,  R) .  A  cross  section  (Fig.  6,  Q)  shows  that  at  the  center  there  is  a 
larger  cell  which  represents  what  will  later  be  the  fertile  cell  of  the  spore. 
This  cell  appears  to  be  the  enlarged  terminal  cell  of  the  crozier,  though  it  is 
not  certain  that  this  is  always  its  origin.  Also  it  is  not  entirely  certain  that 
all  the  branches  which  form  the  outside  of  the  tangled  mass  arise  directly 
from  the  surface  of  the  crozier.  In  some  cases  one  gets  the  impression 
that  other  hyphse  may  be  involved,  or  that  branches  arise  from  below  the 
crozier  on  the  same  hypha.  The  transformation  from  the  stage  represented 
in  Fig.  6,  Q,  R,  to  the  mature  spore  is  very  rapid.  The  central  cell  enlarges 
while  the  cells  of  the  surrounding  hyphse  become  pressed  tightly  against 
and  united  with  it.  The  union  between  the  central  cell  and  the  cells  of 
the  enclosing  hyphse  appears  to  be  stronger  than  that  between  the  cells 
of  a  single  hypha  of  the  latter;  at  any  rate,  the  hyphse  now  break  up  and 
their  elements  no  longer  appear  as  cells  of  individual  hyphse,  but  as  scat- 
tered conical  cells  whose  flattened  bases  are  firmly  attached  to  the  surface 
of  the  central  cell  (Fig.  6,  I).  This  involves  a  decided  change  in  shape  as 
well  as  orientation.  Nothing  has  been  seen  in  this  process  which  could 
be  called  a  gelatinization  of  cells,  such  as  has  been  described  so  often  as 
occurring  during  sporogenesis  in  the  Ustilaginales. 

Approximately  at  the  center  of  the  fertUe  cell  of  each  fully  developed 
spore  there  is  a  nucleus  which  stains  very  prominently  at  this  stage  of 
development  (Fig.  6,  S) .  In  thousands  of  beautifully  stained  spores  exam- 
ined by  the  writer,  more  than  a  single  nucleus  has  never  been  found.  It 
is  3  to  4/z  in  diameter,  with  a  prominent  very  red  single  nucleolus  of  about 
.6/i  diameter,  usually  in  contact  mth  the  nuclear  membrane.  The  mem- 
brane is  very  plain,  but  the  nuclear  content,  with  the  exception  of  the 
nucleolus,  appears  only  as  a  few  fine  granules  of  cromatin  aggregated  about, 
the  nucleolus  or  around  the  inside  of  the  membrane.  In  each  accessory 
cell  there  is  a  single  small  nucleus  of  about  the  diameter  of  the  nucleolus 
of  the  fertile  cell.  In  Urocystis  Violae,  Dangeard  reported  that  there  were 
no  nuclei  in  the  accessory  cells.  With  the  staining  methods  used  it  was 
impossible  to  determine  whether  the  nucleus  of  the  mature  spore  results 
from  the  fusion  of  two  nuclei.  In  U.  Anemones  (Pers.)  Wint.,  Lutman 
found  that  the  cells  of  the  vegetative  hyphse  are  binucleate  and  remain 
so  until  after  the  formation  of  the  spore  ball,  and  that  the  large  nucleus 
of  the  mature  fertile  cell  results  from  fusion  of  the  two  nuclei.  Such  might 
well  be  the  case  here,  because  in  the  vegetative  hyphse,  as  previoubly 
mentioned,  about  half  of  the  cells  are  binucleate,  while  in  the  mature 
spores  all  cells  are  uninucleate. 

With  the  full  development  of  the  sorus,  the  host  tissue  above  it  dries 
out  and  may  split  open  and  permit  the  escape  of  the  dry  powdery  mass  of 
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spores.  In  the  larger  leaves  the  opening  of  the  sorus  may  first  occur  on 
the  interior  of  the  hollow  leaves.  Under  moist  conditions  other  fungi, 
such  as  Fusarium,  may  cause  the  tissue  to  decay  more  rapidly,  and  thus 
aid  in  the  liberation  of  the  spores. 

The  first  outward  indication  of  disease  in  a  young  seedling  is  a  slight 
curvature  of  the  cotyledon  accompanied  by  some  enlargement  of  the 
affected  part.  In  the  greenhouse  I  have  found  these  sjrmptoms  as  early 
as  the  tenth  day  after  planting.  Within  another  day  or  two,  when  an 
affected  seedling  is  held  so  that  the  light  will  shine  through  it,  the  lesions 
may  be  located  by  the  darker  appearance.  As  soon  as  the  spores  are 
mature  the  dark  sorus  can  be  seen  through  the  tissue  without  holding  it 
up  to  the  light.  The  length  of  time  which  elapses  before  it  splits  open 
and  permits  the  escape  of  spores  varies  greatly  with  the  weather,  age  of 
leaf,  and  other  factors. 

VII.    Summary, 

1.  Spores  as  soon  as  mature  germinate  in  the  laboratory  in  onion 
decoction,  sugar  solutions,  onion  decoction  agar,  soil  agar,  manure  decoc- 
tion agar  and  various  agars  containing  sugar. 

2.  They  do  not  germinate  in  tap  water,  distilled  water  or  soil  water. 

3.  The  presence  of  the  onion  or  any  substance  from  the  onion  is  not 
necessary. 

4.  Freezing  does  not  increase  or  hasten  germination,  but  when  spores 
are  frozen  in  the  ground  they  are  not  killed. 

5.  Free  access  to  air  increases  the  percentage  of  germination. 

6.  A  period  of  rest  in  damp  soil  increases  the  percentage  of  germination, 
but  is  not  necessary. 

7.  In  the  soil  the  spores  do  not  all  germinate  at  once,  but  become  pro- 
gressively prepared  for  germination.  They  do  not  wait  until  a  host  plant 
starts  to  grow  near  them. 

8.  Germination  begins  in  three  to  six  days  after  the  spores  are  brought 
under  favorable  conditions. 

9.  A  short  hemispherical  promycelium  is  first  developed,  and  from  this 
a  whorl  of  branches  grows  out. 

10.  The  branches  grow  as  mycelium  indefinitely  without  producing  con- 
idia  (sporidia) .  The  older  cells  become  devoid  of  their  protoplasm  progres- 
sively. 

11.  The  germination  process  is  very  similar  to  the  same  process  in 
other  species  of  CJrocystis,  being  almost  identical  with  that  of  Urocystis 
Anemones.  Of  the  investigated  species  of  this  genus,  only  U.  Violae  pro- 
duces sporidia. 

12.  Urocystis  cepulae  lives  and  grows  as  a  saprophyte  indefinitely  in  the 
soil,  its  growth  being  favored  by  manure. 

13.  It  may  be  grown  in  pure  culture  on  a  wide  range  of  culture  media, 
and  shows  cultural  peculiarities  by  which  it  may  be  distinguished  from 
other  fungi. 
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14.  Sugar  in  the  media  greatly  increases  the  growth.  The  same  sub- 
stance probably  accounts  for  its  rapid  growth  in  the  host. 

15.  Starch  furnishes  a  very  poor  source  of  carbon. 

16.  Decoctions  from  soil  or  manure  furnish  all  the  essentials  for  growth. 

17.  A  small  amount  of  acid  checks  its  growth. 

18.  Freezing  does  not  kill  the  mycelium. 

19.  No  sporidia  (conidia)  have  been  found  by  the  writer  in  pure  cul- 
tures or  in  soil, 

20.  The  mycelium  at  an  early  stage  breaks  up  into  short  plump  cells 
which  have  all  the  functions  of  sporidia  and  are  probably  of  great  im- 
portance in  dissemination. 

21.  The  organism  gets  into  the  soil  either  by  means  of  spores  when  the 
sorus  is  broken  up,  or  as  mycehum  which  grows  from  the  lesions  when  in 
contact  with  moist  soil, 

22.  Infection  occurs  during  the  time  from  the  second  day  after  the 
seed  germinates  until  about  the  time  that  the  first  leaf  appears  on  the  side 
of  the  cotyledon,  after  which  the  plant  is  immune. 

23.  Infection  occurs  only  through  the  cotyledon,  and  any  part  of  its 
epidermis  may  serve  as  the  point  of  infection. 

24.  The  infecting  hj^ha  bores  directly  through  the  outer  wall  of  the 
epidermal  cell,  forms  a  hyphal  gnarl  inside  the  cell,  and  then  passes 
through  the  inner  wall  into  the  intercellular  spaces  where  it  grows  during 
the  rest  of  its  development. 

25.  Many  infections  may  occur  on  the  same  cotyledon. 

26.  The  incubation  period  is  less  than  a  week. 

27.  Large  complicated  haustoria  are  formed  within  the  host  cells. 

28.  An  infected  plant  recovers  if  the  fungus  fails  to  reach  the  growing 
zone;  but  if  it  once  becomes  established  in  this  zone,  the  plant  never 
recovers,  and  most  if  not  all  the  leaves  will  contain  lesions. 

29.  At  the  close  of  the  incubation  period  the  mycelium  is  in  dense  masses 
between  the  cells,  and  from  this  the  spores  develop  in  sori. 

30.  The  spore  begins  as  a  recurved  lateral  or  terminal  branch,  forming  a 
crozier,  circle  or  short  spiral, 

31.  Branches  arising  from  the  circle  (crozier)  form  a  close  covering 
about  the  terminal  (fertile)  cell. 

32.  By  adhesion  of  the  cells  of  the  covering  hyphse  and  rapid  expansion 
of  the  fertile  cell  the  enclosing  hyphse  are  separated  into  jthe  scattered 
elements  which  appear  as  the  sterile  cells  of  the  mature  spore. 

33.  The  fertile  cell  contains  a  single,  large  nucleus,  and  each  sterile  cell 
a  single  small  nucleus.    Probably  the  large  nucleus  is  a  result  of  fusion. 
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3.  DRIED  APPLE  POMACE  FOR  FARM  STOCK. 


BY  J.  B.  LINDSET,    C.  L.  BEALS  AND   J.   G.  ARCHIBALD. 


Introduction. 

Apple  pomace  is  the  residue  after  the  extraction  of  the  juice  from  apples. 
This  has  usually  been  done  by  many  small  cider  mills  located  in  the  vari- 
ous country  towns,  but  of  late  years  the  business  of  cider  and  vinegar 
manufacture  has  become  more  centralized  in  large  plants  employing  the 
most  modern  machinery.  The  large  establishments  in  Massachusetts 
are  those  of  W.  W.  Gary  &  Son,  Lyonsville;  the  E.  F.  Gerry  Gompany, 
Lynnfield  Gentre;  F.  E.  Jewett  &  Son,  Lowell;  New  England  Vinegar 
Works,  Somerville;  and  the  Sterling  Gider  Gompany,  SterUng.  After 
the  extraction  of  the  juice,  the  pomace  has  been  thrown  away  or  used 
more  or  less  by  farmers  in  the  vicinity  of  the  mills.  One  large  concern 
reports  that  much  of  the  pomace  is  taken  by  the  farmers,  well  packed  in 
silos,  and  fed  during  the  winter.  More  recently,  two  manufacturers 
(Sterling  Gider  Gompany  and  W.  W.  Gary  &  Son)  have  dried  the  pomace, 
the  latter  company  reducing  its  water  content  from  63.5  to  less  than  10 
per  cent.  The  value  of  this  dried  pomace  for  feeding  purposes  has  been 
the  subject  of  our  study,  and  the  results  are  presented  in  this  bulletin. 
The  material  for  the  work  was  received  from  W.  W.  Gary  &  Son,  whose 
plant  we  have  visited  and  inspected  on  two  occasions. 

The  number  of  cider  apples  produced  in  Massachusetts  naturally  varies 
much  from  year  to  year  and  no  exact  data  on  the  subject  are  available. 
Munson  of  the  Massachusetts  Department  of  Agriculture  states  that  the 
difference  between  the  total  crop  of  apples  and  the  commercial  crops  for 
the  last  five  vears  was  as  follows:  — 


Bushels. 

1916. 

1917. 

1918. 

1919. 

1920. 

Total  crop, 

Commercial  crop, 

Difference,            .... 

3,450,000 
1,551,000 
1,899,000 

2,186,000 

675,000 

1,511,000 

2,430,000 

900,000 

1,530,000 

3,240,000 
1,005,000 
2,235,000 

3,680,000 
1,125,000 
2,555,000 
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This  difference,  according  to  Munson,  represents  the  apples  which  were 
not  sold  in  the  larger  markets  but  remained  on  the  farm  and  were  wasted 
or  used  for  by-product  purposes,  including  cider.  W.  W.  Gary  &  Son 
use  an  average  of  about  60,000  bushels  a  year;  the  New  England  Vinegar 
Works  used  90,000  bushels  obtained  in  Massachusetts  in  1920,  but  are 
getting  none  this  year  (1921);  while  the  Sterling  Cider  Company  use  an 
average  of  from  8,000  to  10,000  bushels  of  Massachusetts  apples  yearly, 
most  of  their  supply  coming  from  Maine.  It  is  evident  that  a  very  large 
amount  of  non-marketable  apples  goes  to  waste,  but  it  is  believed  that 
as  time  passes  more  of  them  will  be  saved  and  utUized. 


Composition  of  Dried  Apple  Pomace. 

Table  I.  —  Composition  of  Dried  Apple  Pomace,  with  Other  Carbohydrate 
Feeds  for  Comparison. 


No. 
of 
Sam- 
ples. 

Feed. 

Water. 

Ash. 

Pro- 
tein. 

Fiber. 

Ex- 
tract 
Mat- 
ter. 

Fat. 

Total. 

6 
6 

Dried  apple  pomace  (W.  W.  Gary 

&  Son). 
Apple  pomace  (local  product), '    . 

5.30 
5.30 

1.47 
3.34 

5.57 
5.57 

18.20 
16.16 

65.00 
64.62 

4.46 
5.01 

100.00 
100.00 

38 

Dried  beet  pulp,  ^  .        . 

9.00 

3.00 

9.00 

18.70 

59.60 

.70 

100.00 

193 

Corn  meal, ' 

12.00 

1.30 

9.50 

2.00 

71.50 

3.70 

100.00 

1  Compilations  of  analyses, 
content  for  comparison. 

2  Ibid.,  p.  18. 
s  Ibid.,  p.  20. 


Agr.  Expt.  Sta.  1919,  p.  11.     Reduced  to  same  moisture 


The  results  of  the  different  analyses  showed  the  product  obtained  from 
W.  W.  Cary  &  Son  to  be  of  quite  uniform  composition.  It  is  clear  that 
the  dried  pomace  is  quite  low  in  protein,  containing  scarcely  6  per  cent, 
and  very  high  in  carbohydrates,  approximately  83  per  cent,  of  which 
some  18  per  cent  are  fiber.  The  fat  indicated  by  the  analyses  is  more  of 
the  nature  of  waxes  and  gums  than  true  fat.  The  ash  content  of  the 
pomace  is  comparatively  low.  The  dried  pomace  compares  quite  closely 
in  chemical  composition  with  dried  beet  pulp,  except  that  the  latter  con- 
tains several  per  cent  more  protein.  It  is  a  carbonaceous  feed  similar 
to  corn  meal,  although  the  latter  contains  more  protein  and  decidedly 
less  fiber.  Although  of  the  same  type  of  composition,  the  corn  meal 
should  be  more  efficient  as  a  source  of  energy. 

Fuller  investigation  of  the  nature  of  the  carbohydrates  and  protein 
showed  the  absence  of  starch  and  the  presence  of  considerable  amounts 
of  reducing  and  cane  sugars  and  the  hemi-celluloses  or  pentosans.  It 
was  also  found  that  about  one-third  of  the  total  protein  is  in  the  amide 
form, 

A  study  of  the  mineral  constituents  of  the  dried  apple  pomace  showed 
that  it  contains  less  ash  than  does  beet  pulp,  and  that  it  is  particularly 
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deficient  in  lime,  in  which  constituent  the  beet  pulp  is  relatively  rich, 
but  contains  a  fair  amount  of  phosphoric  acid  and  potash. 

In  calorific  value  the  dried  apple  pomace  compared  very  favorably 
with  corn  meal,  sugar  and  corn  starch.  Probably  the  calorific  value  of 
the  pomace  is  enhanced  by  the  presence  of  nearly  5  per  cent  of  waxy 
material. 

Digestibility  of  Dried  Apple  Pomace. 

In  addition  to  composition,  the  rate  of  digestibility  is  found  to  throw 
considerable  light  upon  the  nutritive  value  of  a  foodstuff,  hence  eight 
trials  with  four  different  sheep  were  made,  of  which  seven  trials  proved 
to  be  satisfactory.  Four  tests  were  made  with  the  dry,  coarse,  or  un- 
groimd,  pomace;  in  two  cases  the  pomace  was  fed  with  hay,  and  in  two 
cases  with  hay  and  gluten  feed,  as  the  basal  ration.  Three  tests  were 
made  with  the  finely  ground  pomace  in  which  it  was  fed  with  hay  and 
gluten  feed.  The  dry,  coarse  pomace  was  the  product  just  as  it  came 
from  the  presses;  the  fine-ground  pomace  had  been  passed  through  an 
ordinary  grist  mill  and  was  almost  in  the  form  of  a  powder. 

The  results  showed  that  the  sheep  were  able  to  digest  on  an  average 
68.5  per  cent  of  the  total  dry  matter  in  the  apple  pomace,  the  fiber  and 
nitrogen-free  extract  being  quite  well  utilized,  the  fat  to  a  much  less 
degree,^  while  the  protein  was  apparently  not  digested  at  all.  We  say 
'apparently  because  this  peculiarity  of  indigestibility  of  protein  is  often  met 
with  in  feeds  of  quite  low  protein  content,  and  is  due  to  the  excretion  of 
nitrogenous  material  in  the  form  of  digestive  juices  and  intestinal  wastes. 
The  probability  is  that  the  pomace  protein,  although  small  in  amount, 
is  fairly  well  utilized. 

The  trials  were  not  sufiicient  in  number  to  indicate  positively  any  dif- 
ference in  digestibility  between  the  coarse  and  the  finely  ground  pomace, 
and  it  is  doubtful  from  a  nutritive  standpoint  whether  any  advantage 
would  be  gained  in  grinding  it  fine.  Compared  with  other  feeds  of  a  simi- 
lar tj^e,  the  pomace  is  shown  to  be  not  quite  as  digestible  as  dried  beet 
pulp,  and  much  less  so  than  corn  meal. 


Table  II.  —  Digestible  Matter  in  2,000  Pounds. 


Feed. 


Dry 
Matter. 


Protein. 


Fiber. 


Extract 
Matter. 


Fat. 


Total 
Di- 
gestible 
Matter 
(Fat  X 

2.25). 


Relative 

Values  on 

Basis  of 

Digestible 

Matter 

(Corn  meal 

=100). 


Dried  apple  pomace, 
Dried  beet  pulp, 
Corn  meal, 


1,298.0 
1,365.0 
1,548.8 


0 

93.6 
127.4 


248.8 

310.4 

17.6 


991.2 

989.4 

1,315.6 


32.0 


1,312.0 
1,393.4 
1,610.4 


81 
87 
100 


1  The  fat  or  other  extract  is  largely  in  the  form  of  waxy  matter  and  has  little  nutritive  value. 
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This  table  shows  the  dried  apple  pomace  to  have  almost  as  much  total 
digestible  matter  as  dried  beet  pulp,  but,  as  would  be  expected,  consider- 
ably less  than  corn  meal.  Taking  the  latter  as  100,  the  pomace  has  a 
feeding  value  of  81  and  the  beet  pulp  of  87  per  cent.  In  other  words,  on 
the  basis  of  digestibility,  if  properly  fed,  one  would  expect  slightly  better 
results  from  the  dried  beet  pulp  and  noticeably  better  results  from  the 
corn  meal  than  from  the  dried  pomace. 

Net  Eneegy  Values. 

In  place  of  digestible  matter  as  a  measurement  of  nutritive  value, 
Kellner  and  also  Armsby  have  adopted  the  unit  of  net  energy.  Net  en- 
ergy means  the  total  energy  in  the  feed  minus  that  excreted  in  the  urine 
and  feces,  as  well  as  that  lost  in  heat  radiation  due  to  the  processes  of 
digestion  and  assimilation.  Armsby  expresses  it  in  therms,  the  therm 
being  the  amount  of  heat  required  to  raise  1,000  kilograms  of  water  1 
degree  Centigrade. 


Feed. 


Net  Energy 

in  100  Pounds 

(Therms). 


Corn  meal, 
Dried  beet  pulp, 
Dried  apple  pomace. 


85.17 
75.87 
61.391 


1  Estimated  according  to  Armsby's  data  for  beet  pulp  and  corn  meal. 

On  this  basis,  with  corn  meal  as  100,  beet  pulp  has  a  relative  value  of 
89  and  apple  pomace  of  72.  Both  the  figures  for  digestibility  and  the 
net  energy  values  show  the  apple  pomace  to  be  slightly  inferior  to  beet 
pulp  as  a  source  of  nutrition. 

Deied  Apple  Pomace  for  Da.iey  Cows. 

The  value  of  dried  apple  pomace  for  milk  production  was  carefully 
studied  during  a  period  extending  from  Nov.  10,  1920,  to  May  10,  1921. 
The  material  was  compared  first  with  dried  beet  pulp  and  later  with  corn- 
meal,  on  an  equal  dry-matter  basis.  The  dried  pomace  was  fed  moist  in 
both  experiments,  and  was  mixed  with  the  grain  ration  shortly  before 
feeding.  It  was  much  relished  by  the  cows.  The  beet  pulp  was  also 
moistened. 

The  experiments  were  conducted  by  the  usual  reversal  method,  eight 
cows  being  used  in  the  first  trial  and  twelve  in  the  second. ^  The  animals 
received  the  usual  care  as  described  in  earlier  publications  of  the  station. 
The  hay  was  sampled  three  times  during  each  half  of  each  experiment  by 
taking  forkfuls  here  and  there,  running  the  same  through  a  power  cutter 
and  subsampling.    The  subsamples  were  placed  in  glass-stoppered  con- 

1  One  cow  was  taken  sick  halfway  through  the  experiment,  and  her  record  is  therefore  omitted. 
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tamers  and  brought  at  once  to  the  laboratory  where  moisture  determina- 
tions were  made  and  composite  samples  analyzed.  The  grain  was  sampled 
each  time  a  new  lot  was  mixed,  and  the  samples  preserved  as  in  the  case 
of  the  hay.  The  apple  pomace  and  dried  beet  pulp  were  sampled  at  regu- 
lar intervals  during  the  experiments.  The  milk  was  sampled  for  five 
consecutive  days  three  times  during  each  half  of  each  experiment,  pre- 
served with  formalin,  and  total  solids  and  fat  determined  in  the  usual 
manner  on  the  composite  samples. 

The  basal  ration  consisted  of  a  uniform  grain  mixture  plus  sufficient 
hay  for  the  needs  of  each  individual  cow.  The  hay  was  of  only  fair  qual- 
ity, some  of  it  being  too  coarse  for  good  cow  hay.  With  the  exception  of 
the  corn  meal  fed  in  the  last  experiment,  all  the  concentrates  fed  were  up 
to  the  usual  standards.  The  corn  meal  was  unusually  low  in  fat  (1.69  per 
cent),  and  although  bought  for  meal  from  whole  corn  could  not  have 
been  such,  probably  having  had  the  germs  removed.  A  definite  amount 
of  either  apple  pomace,  beet  pulp  or  corn  meal  was  substituted  for  a  like 
amount  of  the  basal  grain  ration,  this  amount  varying  with  the  different 
individuals  in  the  herd.  The  basal  gram  rations  fed  in  the  two  experi- 
ments are  shown  in  the  following  table:  — 

Table  III.  —  Grain  Mixtures  Fed  (Pounds). 


Experiment  I. 
Apple  Pomace  v.  Beet  Pulp. 


Experiment  II. 
Apple  Pomace  v.  Corn  Meal. 


Bran 20 

Corn  meal 30 

Coconut  meal,     .        .        .        .        .        .30 

Cottonseed  meal, 20 


Bran 40 

Cottonseed  meal,         .        .        .        .        .60 


A  definite  amount  of  each  mixture  was  given  to  each  animal,  —  in  the 
first  experiment  from  6  to  10  pounds  daily  of  I,  with  from  6  to  7  pounds 
of  either  apple  pomace  or  beet  pulp;  in  the  second  experiment  from  5  to 
7  pounds  daily  of  II,  with  from  4  to  5  pounds  of  either  apple  pomace  or 
corn  meal. 

Somewhat  less  of  the  basal  grain  ration  was  fed  to  each  cow  in  the 
second  experiment  than  in  the  first,  and  the  amount  of  hay  per  animal 
increased,  for  the  reason  that  it  was  not  considered  advisable  to  feed  too 
large  an  amount  of  grain  in  the  corn  meal  half  of  the  trial. 


I 
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Table  IV.  —  Average  Ration  consumed  per  Cow  (Pounds). 

EXPEEIMENT   I. 


Num- 

Character of 
Ration. 

Hat. 

Apple 
Pomace. 

Beet  Pulp. 

Grain. 
Mixture. 

ber  of 
Cows. 

Total 
per 
Cow. 

Daily 
per 
Cow. 

Total 
per 
Cow. 

Daily 
per 
Cow. 

Total 
Cow. 

Daily 
per 
Cow. 

Total 
per 
Cow. 

Daily 
per 
Cow. 

8 

8 

Apple  pomace, 
Beet  pulp, 

590.63 
590.63 

16.88 
16.88 

231.88 

6.63 

231.88 

6.63 

284.38 
284.38 

8.13 
8.13 

Experiment  II. 


Num- 

Character of 
Ration. 

Hat. 

Apple 
Pomace. 

Corn  Meal. 

Grain 
Mixture. 

ber  of 
Cows. 

Total 
per 
Cow. 

Daily 
per 
Cow. 

Total 
per 
Cow. 

Daily 
per 
Cow. 

Total 
per 
Cow. 

Daily 
per 
Cow. 

Total 
per 
Cow. 

Daily 
per 
Cow. 

12 
12 

Apple  pomace, 
Corn  meal, 

625.00 
625.00 

19.00 
19.00 

157.50 

4.50 

167.65 

4.791 

218.75 
218.75 

6.25 
6.25 

'-                                                                                                                                                                   1 

1  As  the  corn  meal  contained  9  per  cent  more  moisture  than  the  apple  pomace,  17  ounces  of  the 
former  were  fed  to  each  pound  of  the  latter. 


Table  V.  — •  Estimated  Dry  Matter  and  Digestible  Nutrients  in  Average 
Daily  Ration  (Pounds). 

Experiment  I. 


Character  of 
Ration. 

Dry 

Matter. 

Digestible  Nutrients. 

Nutri- 

Protein. 

Fiber. 

Extract 
Matter. 

Fat. 

Total. 

tive 
Ratio. 

Apple  pomace. 
Beet  pulp, 

28.49 
28.26 

1.86 
2.17 

4.14 
4.37 

11.64 
11.57 

.61 
.50 

18.25 
18.61 

1:9.221 
1:7.87 

Experiment  II. 


Apple  pomace. 
Corn  meal. 


26.33 

2.10 

4.33 

9.07 

.53 

16.03 

26.16 

2.38 

3.87 

9.94 

.53 

16.72 

1:6.951 
1:6.30 


1  Assuming  that  the  protein  in  apple  pomace  is  50  per  cent  digestible,  these  ratios  would  be 
lowered  to  1:8.4  and  1:6.4,  respectively. 


The  above  figures  are  based  upon  analyses  and  average  digestion  co- 
efficients. They  show  that  the  beet  pulp  and  corn  meal  rations  contained 
slightly  more  total  digestible  nutrients  than  the  corresponding  apple  pom- 
ace ration,  and  also  had  narrower  nutritive  ratios.  The  former  fact  is 
due  to  the  less  degree  of  digestibility  of  the  apple  pomace,  and  the  latter 
fact  to  its  low  protein  content. 
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Table  VI.  —  Summary  of  Yields  of  Milk  and  Milk  Ingredients  {Pounds). 


Experiment. 

Character  of  Ration. 

Number 
of  Cows. 

Milk 
produced. 

Total 
Solids. 

Total 
Fat. 

I 
II,       ... 

Dried  apple  pomace,    . 
Dried  beet  pulp,  . 
Dried  apple  pomace,    . 
Corn  meal 

8 
11 

r    7,530.1 

1    7,775.9 

f    9,371.8 

\ 

[    9,570.4 

973.96 
1,020.59 
1,226.52 
1,271.73 

330.19 
351.54 
430.52 
454.42 

Table  VII.  —  Percentage  Increase,  Beet  Pulp  or  Corn  Meal  Ration  over 
Apple  Pomace  Ration. 


Experiment. 

Character  of  Ration. 

Milk  pro- 
duced. 

Solids.          Total  Fat. 

I,     .        .        .        . 
II 

Dried  beet  pulp, 

Corn  meal, 

3.26 
2.12 

4.79 
3.69 

6.47 
5.55 

The  slightly  increased  yield  produced  by  the  beet  pulp  over  the  apple 
pomace  is  in  no  way  surprising.  It  was  expected,  however,  that  the  corn 
meal  would  show  a  larger  increase  than  did  the  beet  pulp.  On  the  basis 
of  digestibility  and  net  energy  estimation  it  certainly  should  have  proved 
more  effective.  If  it  had  been  possible  to  have  a  larger  amount  of  the 
total  ration  composed  of  the  feeds  under  comparison  the  results  would 
undoubtedly  have  been  more  pronounced. 

In  Experiment  I  the  cows  on  both  rations  showed  slight  gains  in  weight. 
In  Experiment  II  the  gain  or  loss  was  so  insignificant  as  to  be  unworthy 
of  consideration. 

The  general  effect  of  the  apple  pomace  ration  was  good.  At  the  close 
of  the  experiments  there  was  considerable  pomace  still  on  hand,  and  a 
number  of  the  cows  not  needed  for  other  work  were  continued  for  several 
months  on  the  same  ration  as  fed  in  Experiment  II.  All  but  one  continued 
in  good  fiesb  and  gave  a  satisfactory  flow  of  milk. 


How  TO  FEED  Dried  Apple  Pomace. 

The  dried  pomace  contaias  very  little  protein,  and  if  fed  in  combina- 
tion with  hay,  corn  silage  and  corn  meal  the  results  are  bound  to  prove 
unsatisfactory  and  the  feeder  will  at  once  conclude  that  the  pomace 
"dries  up  the  cows."  Because  it  is  so  ill  balanced  —  that  is,  so  rich  in 
carbohydrates  and  so  lacking  in  protein  —  it  must  be  combined  with 
protein  feeds  in  order  to  secure  satisfactory  results.  It  may  be  fed  in  two 
ways,  as  follows:  — 
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As  a  Component  of  the  Grain  Ration. 


I. 

Wheat  bran  or  mixed  feed. 
Cottonseed  meal, 
Dried  apple  pomace. 


Pounds. 

II. 

Pounds. 

.     10 

Gluten  feed, 

.     30 

.     50 

Cottonseed  meal. 

.     30 

.    40 

Dried  apple  pomace,     . 

.     40 

III.  Pounds. 

Corn  or  corn  and  cob  meal,         .........     10 

Cottonseed  meal,       ...........     50 

Dried  apple  pomace,  ..........     40 

Feed  1  pound  of  any  of  the  above  mixtures  for  each  3  pounds  of  milk 
produced.  It  is  considered  safe  to  feed  at  least  4  pounds  of  the  pomace 
daily  in  dry  condition,  providing  the  cows  have  frequent  access  to  water. 

As  a  Substitute  for  Corn  Silage. 
Seven  pounds  of  kiln  dried  apple  pomace  may  be  fed  daily,  after  being 
well  moistened  with  water,  as  a  substitute  for  a  bushel  of  corn  silage 
weighing  30  pounds.  It  is  not  advised  to  feed  too  large  quantities  at 
first,  but  to  begin  with  2  or  3  pounds  of  the  dried  pomace  daily  and  grad- 
ually increase  to  7  pounds.  It  is  doubtful  if,  pound  for  pound  on  the  same 
moisture  basis,  the  pomace  will  prove  fully  equal  in  feeding  value  to  well- 
preserved  and  well-eared  corn  silage,  but  it  certainly  will  approach  it. 
This  amount  of  dried  pomace,  together  with  what  hay  the  animal  will 
clean  up  daily,  — 10  to  16  pounds,  —  may  constitute  the  roughage 
ration;  and  in  addition  the  cow  should  receive  from  4  to  10  pounds  of  a 
suitable  grain  mixture,  depending  upon  the  ability  to  profitably  utilize 
it.    The  following  grain  mixtures  are  suggested :  — 


I.  Pounds. 

Cottonseed  or  linseed  meal,  .     300 

Gluten  feed  or  coconut  meal,         .     300 
Corn   or   corn   and   cob   meal   or 
hominy  feed  or  ground  oats  or 

barley 300 

Wheat  bran 200 

Wheat  middlings,         .  .  .100 

III.  Pounds. 

Gluten  feed  or  coconut  meal,         .     300 

Wheat  bran  or  wheat  mixed  feed,     200 

Corn   or   corn   and   cob   meal   or 

hominy  feed  or  ground  oats  or 

barley, 100 


II-  Pounds. 

Cottonseed  or  linseed  meal,  .     100 

Corn  or  corn  and  cob  meal,   or 
hominy  feed  or  ground  oats  or 

barley 100 

Wheat  bran  or  mixed  feed,  .  .     100 


IV.  Pounds. 

Cottonseed  meal,  .  .  .     100 

Corn  or  corn  and  cob  meal,  .     100 


Ration  IV  is  rather  less  bulky  than  the  other  rations,  and  may  be  fed 
mixed  more  or  less  with  the  moistened  pomace  as  a  precaution  against 
digestive  disturbances. 


DRIED   APPLE   POMACE   FOR   FARM   STOCK.  143 


The  Economy  of  Dried  Apple  Pomace. 

The  writer  has  emphasized  for  a  long  time  that  the  farm  is  primarily 
the  carbohydrate  factory  upon  which  maximum  amounts  of  corn  and 
hay  should  be  grown  as  roughages,  supplemented  whenever  possible  with 
clover,  alfalfa  and  possibly  with  soy  beans.  These  latter  furnish  more 
protein  and  ash  than  do  the  non-legumes,  and  are  favorable  to  milk  pro- 
duction, growth  and  soil  fertility.  Purchased  feed  should  be  in  the  form 
of  the  protein  concentrates;  and  carbohydrates  such  as  corn,  barley, 
hominy,  beet  pulp  and  apple  pomace,  especially  for  growth  and  milk 
production,  should  be  purchased  only  when  the  supply  of  home-grown 
feed  runs  low. 

To  all  intents  and  purposes,  however,  apple  pomace  is  a  home-grown 
carbohydrate  feed.  Through  drying,  waste  of  this  food  resource  is  pre- 
vented. The  economy  of  attempting  this  conservation  depends  on  its 
cost.  Ultimately  the  carbohydrate  feed  produced  in  this  way  must  be 
sold  at  as  low  a  price  as  is  asked  for  other  carbohydrates.  Whether  this 
will  be  possible  cannot  yet  be  stated,  for  the  process  is  still  new  and  the 
cost  factors  not  fully  worked  out. 

Summary. 

Apple  pomace  is  now  kiln  dried  in  limited  amounts,  which  insures  its 
preservation  and  greatly  enhances  its  economic  value.  It  is  brownish  in 
color,  of  a  mechanical  condition  resembling  fine  shavings,  and  has  a 
slightly  acid  taste.  Chemical  analyses  show  it  to  be  a  strictly  carbohy- 
drate feed  with  a  high  sugar  content  and  lacking  in  true  starch.  It  is 
likewise  high  in  fiber,  but  quite  low  in  both  protein  and  total  ash.  Phos- 
phoric acid  and  potash  make  up  fully  40  per  cent  of  the  ash. 

Experiments  with  sheep  show  it  to  be  fairly  well  digested,  especially 
with  respect  to  total  dry  matter,  fiber  and  extract  matter.  Protein  and 
fat  are  rather  poorly  digested,  an  explanation  for  this  being  offered  in  the 
text. 

For  dairy  cows,  it  may  be  fed  to  the  extent  of  4  pounds  daily  as  a  com- 
ponent of  the  grain  ration,  or  7  pounds  daily  of  the  dry  material  may  be 
well  moistened  with  water  and  fed  as  a  substitute  for  a  bushel  of  corn 
silage. 

Experiments  herein  reported  show  it  to  be  but  shghtly  inferior  to  both 
dried  beet  pulp  and  corn  meal  when  fed  to  dairy  cows  as  a  component  of 
the  daily  ration.  No  objectionable  flavor  was  noted  in  the  milk,  nor  was 
there  any  bad  effect  upon  the  health  or  condition  of  the  animals. 

Fed  only  with  other  carbohydrate  feeds  such  as  hay,  silage  and  corn, 
dried  apple  pomace  will  prove  unsatisfactory.  The  ration  must  always 
be  supplemented  with  rich  protein  feeds  such  as  cottonseed  meal,  gluten 
feed  and  coconut  meal. 

The  chief  use  of  apple  pomace  will  be  as  a  feed  for  dairy  cows,  young 
stock  and  sheep.  It  is  of  doubtful  value  for  pigs,  and  as  a  food  for  horses 
it  is  not  recommended. 
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APPENDIX. 


Table  VIII. — Nature  of  Carbohydrates  and  Protein  of  Dried  Apple  Pomace. 

[Dry  matter  basis.] 

Per  Cent. 

Pentosans ,        .        .        .        .        .        .        .        .  16.09 

Galactan, 3.32 

Reducing  sugars, 13.88 

Sucrose, 6.93 

Starch, None. 

Total  nitrogen, 93=5.80  per  cent  crude  protein. 

Albuminoid  nitrogen,        . 68=4.25  per  cent  true  protein. 

Amide  nitrogen,         .        . .24 


Table  IX.  —  Mineral  Constituents  of  Dried  Apple  Pomace  and  Beet  Pulp. 

[Dry  matter  basis.] 


Dried  Apple 

Pomace  i 
(Per  Cent). 


Beet  Pulp 
(Per  Cent). 


Total  ash,    . 
Insoluble  matter, 
Phosphoric  acid. 
Iron  and  alumina. 
Calcium  oxide,     . 
Magnesium  oxide, 
Sulfur  dioxide,     . 
Potassium  oxide, 
Sodium  oxide, 


3.954 
.830 
.196 
.168 

1.007 
.502 
.465 
.301 
.140 


1  Analyses  made  by  L.  S.  Walker  of  this  station. 

Table  X.  —  The  Calorific  Value  of  Dried  Apple  Pomace. 

(Dry  Matter  Basis.] 


Small  Calories 
per  Gram. 


Large  Calories 
per  Gram. 


Dried  apple  pomace,  .  _     . 
Corn  meal  1  (for  comparison), 
Sugar,  guaranteed  1  (for  comparison), 
Corn  starch 2  (for  comparison),  . 


4,589 
4,430 
3,958 
3,692 


2,082 
2,011 
1,753 
1,675 


1  United  States  Department  of  Agriculture,  Farmers'  Bulletin  No.  346,  by  H.  P.  Armsby,  p.  13. 

2  Journal  of  Agricultural  Research,  Vol.  VII,  No.  7,  p.  305. 
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Table  XL  —  Digestion  Coefficients  for  Apple  Pomace. 
Sheep. 


Ex- 
peri- 
ment 

Ani- 
mal. 

Percentages  op  Ingredients 
digested. 

Sebies. 

Dry 
Mat- 
ter. 

Ash. 

Pro- 
tein. 

Fiber. 

Ex- 
tract 
Mat- 
ter. 

Fat. 

Ration  Fed. 

26,         .        .        . 
26,         . 

26,      .  . 

26,         .        .        . 

4 
4 

5 
5 

9 
11 

17 
19 

63.48 
68.11 

71.41 
59.45 

56.25 

2.53 
14.01 

0 
0 

0 
0 

71.41 
72.93 

87.08 
60.98 

73.88 
75.78 

79.01 
71.03 

28.35 
40.33 

43.85 
36.10 

1  500  grams  hay  +  250 
f     grams    coarse    dry 
1      apple  pomace. 
1  550   grams   hay  -(-  150 
1      grams  gluten  feed-f 
f     200  grams  coarse  dry 
J      apple  pomace. 

Average    for    the 
coarse  dry  or  un- 
ground  pomace, 

26, 

26,         .         .         . 

26,1       . 

6 
6 

8 

9 
11 

19 

65.61 

77.02 
65.49 

71.82 

24.26 

94.03 
53.84 

107.14 

0 

0 
0 

0 

73.10 

80.21 
58.61 

52.13 

74.93 

83.87 
75.45 

73.39 

37.16 

37.14 
25.22 

41.38 

1  500   grams   hay  +  150 

(     grams  gluten  feed+ 

j      200  grams  fine  dry 

J     apple  pomace. 

550  grams  hay  +  150 

grams  gluten  feed  + 

200  grams  fine  dry 

apple  pomace. 

Average    for    the 
fine  dry  or  ground 
pomace. 

Average  of  above 
seven  single  trials. 

Average  of  six  pre- 
vious single  trials 
(wet  pomace), 2  . 

Dried  beet  pulp,  . 
Corn  meal,  . 

- 

- 

71.44 
68.53 

72.00 

75.00 
88.00 

84.67 
54.47 

49.00 
26.00 

0 
0 

0 

52.00 
67.00 

63.65 
68.38 

65.00 

83.00 
44.00 

77.57 
76.25 

85.00 

83.00 
92.00 

34.58 
35.87 

46.00 
90.00 

- 

I 

1  Sheep  No.  17  did  not  eat  well  in  this  trial  and  had  to  be  rejected. 

2  Seventeenth  annual  report.  Hatch  Experiment  Station,  Amherst,  Mass.,  p. 


Tabulated  Data  of  the  Experiments  with  Dairy  Cows. 

Table  XII.  —  History  of  the  Cows. 
Experiment  I. 


Daily 

Milk 

Name. 

Age. 

Breed. 

Calved. 

Served. 

Yield, 
Begin- 
ning 
(Pounds). 

Fat  (Per 
Cent). 

Fancy  V,     . 

3 

Grade  Jersey, . 

Aug.  23,  1920 

Jan.      6,  1921 

22 

4.9 

Samantha  III,     . 

7 

Grade  Holstein, 

Sept.  18,  1920 

Dec.   15,  1920 

34 

4.6 

Samantha  IV, 

6 

Grade  Holstein, 

Sept.  11,  1920 

Nov.  13,  1920 

34 

4.0 

190,       . 

- 

Grade  Holstein, 

Oct.    15,  1920 

Jan.    15,  1921 

27 

3.8 

Fancy  IV,    . 

6 

Grade  Jersey, . 

Aug.   15,  1920 

Jan.      6,  1921 

18 

5.0 

46,        .        .        . 

8 

Grade  Holstein, 

Sept.  18,  1920 

Nov.  10,  1920 

41 

3.7 

Colantha  II, 

6 

Grade  Holstein, 

Aug.   10,  1920 

Nov.  18,  1920 

34 

4.4 

Colantha  IV, 

3 

Grade  Holstein, 

Oct.    18,  1920 

Feb.     7,  1921 

25 

3.7 

J 
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Table  XII.  —  History  of  the  Cows  —  Concluded. 
Experiment  II. 


Daily 

Milk 

Name. 

Age. 

Breed. 

Calved. 

Served. 

Yield, 
Begin- 
ning 
(Pounds) . 

Fat  (Per 
Cent). 

Fancy  IV,    . 

7 

Grade  Jersey,  . 

Aug.   15,  1920 

Nov.  17,  1920 

16 

5.9 

46,         .         .         . 

8 

Grade  Holstein, 

Sept.  18,  1920 

Nov.  10,  1920 

35 

3.2 

Colantha  II, 

6 

Grade  Holstein, 

Aug.   10,  1920 

Nov.  18,  1920 

32 

4.9 

Colantha  IV,       . 

3 

Grade  Holstein, 

Oct.    18,  1920 

Dec.   11,  1920 

24 

3.7 

Ida  II, 

8 

Jersey,     . 

Nov.  14,  1920 

Jan.      6,  1921 

24 

5.5 

Red  IV,       . 

7 

Grade  Jersey, . 

Dec.   31,  1920 

_i 

32 

5.3 

Fancy  V, 

4 

Grade  Jersey,  . 

Aug.  23,  1920 

Jan.      6,  1921 

21 

6.0 

Samantha  III,     . 

7 

Grade  Holstein, 

Sept.  18,  1920 

Dec.   15,  1920 

30 

4.9 

Samantha  IV, 

6 

Grade  Holstein, 

Sept.  11,  1920 

Nov.  13,  1920 

33 

4.6 

190,       . 

- 

Grade  Holstein, 

Oct.    18,  1920 

Jan.    21,  1921 

28 

3.9 

Peggy, 

10 

Grade  Jersey, . 

Nov.  11,  1920 

Dec.     9,  1920 

25 

5.6 

Cecile  II,     . 

8 

Jersey,     . 

Nov.  30,  1920 

-1 

25 

5.1 

1 

1  Not  bred. 


Table  XIII.  —  Chemical  Analyses  of  Feeds  Used  {Per  Cent). 


EXPEBIMENT. 

Feed. 

Water. 

Ash. 

Crude 
Pro- 
tein. 

Fiber. 

Extract 
Matter. 

Fat. 

'■■      •      -1 

Hay 

Apple  pomace,   . 
Beet  pulp,  . 
Grain  mixture,  . 

9.25-12.75 
11.38 

5.45 

8.87 
10.75 

5.17 
1.48 
3.96 
4.43 

6.59 
5.48 
9.10 
19.45 

29.15 
17.90 
18.95 
8.20 

45.78 
65.26 
58.41 
52.12 

1.93 

4.42 

.69 

5.04 

II,              .            . 

Hay 

Apple  pomace,   . 
Corn  meal,  i 
Grain  mixture,  . 

11.53-16.88 

13.44 

6.21 

15.54 

9.44 

5.25 
1.46 
1.29 
6.16 

7.22 

5.49 

8.61 

27.68 

30.03 
16.69 
2.01 
11.52 

42.08 
65.72 
70.85 
39.71 

1.98 
4.44 
1.69 
5.49 

I  The  corn  meal  was  unusually  low  in  fat  (1.69%),  and  although  bought  for  meal  from  whole 
corn,  could  not  have  been  such,  probably  having  had  the  germs  removed. 


Table  XIV.  —  Duration  of  Experiments. 
Experiment  I. 


Dates. 

Basal  Ration+Apple 
Pomace. 

Basal  Ration+Dried 
Beet  Pulp. 

Weeks 
fed. 

Nov.  22,  1920,  to  Dec.  26,  1920,  inclusive. 

f  Fancy  V, 
1  Samantha  III, 
]  Samantha  IV, 
(  190, 

Fancy  IV, 

46 

Colantha  II,     . 
Colantha  IV,    . 

5 

Jan.  6,  1921,  to  Feb.  9,  1921,  inclusive,  . 

f  Fancy  IV, 

46 

1  Colantha  II,    . 
[  Colantha  IV,  . 

Fancy  V, . 
Samantha  III, 
Samantha  IV,  . 
190 

1  = 

J 
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Table  XIV.  —  Duration  of  Experiments  — Concluded. 
Experiment  II. 


Dates. 

Basal  Ration+Apple 
Pomace. 

Basal  Ration+Corn 
Meal. 

Weeks 
fed. 

Feb.  20, 1921,  to  March  26, 1921,  inclusive, 

r  Fancy  IV, 

46 

1  Colantha  II,    . 
]  Colantha  IV,  . 

Ida  II,     . 

Red  IV,  . 

Fancy  V, . 
Samantha  III  i, 
Samantha  IV,  . 
190,    .         .         . 
Peggy, 
Cecile, 

5 

April  6,  1921,  to  May  10,  1921,  inclusive, 

( - 

Fancy  V, 

_i 

1  Samantha  IV,         ., 
]  190, 

Peggy,     . 

Cecile,      . 

Fancy  IV, 

46 

Colantha  II,     . 
Colantha  IV,    . 
Ida  II,       . 
Red  IV,    . 

5 

! 

1  Samantha  III  was  taken  sick  halfway  through  the  experiment  and  had  to  be  discontinued. 
Her  record  is  therefore  omitted  for  the  entire  experiment. 

Table  XV.  —  Gain  or  Loss  in  Live  Weight  (Pounds). 


Gain. 

Loss. 

Net. 

Experiment. 

Apple 
Pomace. 

Beet  Pulp. 

Apple 
Pomace. 

Beet  Pulp. 

Apple 
Pomace. 

BeetPulp. 

I 

156 

195 

3 

0 

153+ 

195+ 

Gain. 

Loss. 

Net. 

Experiment. 

Apple 
Pomace. 

Corn  Meal. 

Apple 
Pomace. 

Corn  Meal. 

Apple 
Pomace. 

Corn  Meal. 

II 

94 

90 

73 

113 

21+ 

23- 

Table  XVI,  —  Total  Yields  of  Milk  and  Milk  Ingredients. 
Experiment  I. 
Apple  Pomace  Ration. 


Cows. 

Milk 
produced 
(Pounds). 

Total 

Solids  (Per 

Cent). 

Total 

Solids 

(Pounds). 

Fat  (Per 

Cent). 

Fat 
(Pounds) . 

Fancy  V,      

742.4 

14.87 

110.39 

5.86 

43.50 

Samantha  III 

1,014.6 

13.74 

139.41 

4.94 

50.12 

Samantha  IV,      .        . 

968.8 

12.74 

123.43 

4.54 

43.98 

190, 

971.8 

12.28 

119.34 

3.84 

37.32 

Fancy  IV 

548.8 

15.15 

83.14 

5.74 

31.50 

46, 

1,279.7 

10.93 

139.87 

3.04 

38.90 

Colantha  II 

1,110.2 

13.58 

150.77 

4.73 

52.51 

Colantha  IV 

893.8 

12.04 

107.61 

3.62 

32.36 

Totals, 

7,530.1 

- 

973.96 

- 

330.19 

Averages, 

- 

12.931 

- 

4.38' 

- 

u     ..      .                                            ; 

1  Average  percentage  of  solids  and  fat  obtained  by  dividing  total  pounds  of  each  by  total  milk 
yield. 
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Table  XVI. 


Total  Yields  of  Milk  and  Milk  Ingredients  —  Concluded. 
Experiment  I  —  Concluded. 
Beet  Pulp  Ration. 


Cows. 

Milk 
produced 
(Pounds). 

Total 

Sohds  (Per 

Cent). 

Total 

Solids 

(Pounds) . 

Fat  (Per 
Cent). 

Fat 
(Pounds). 

Fancy  V,      

Samantha  III, 

Samantha  IV, 

190, 

Fancy  IV,    ....... 

46 . 

Colantha  II 

Colantha  IV 

726.7 
1,033.1 
1,144.0 
1,014.5 

610.1 
1,413.4 

877.8 

956.3 

15.59 
13.98 
13.10 
12.64 
15.15 
11.12 
13.61 
12.10 

113.29 
144.43 
149.86 
128.23 
92.43 
157.17 
119.47 
115.71 

6.24 
4.99 
4.70 
4.13 
5.82 
3.17 
4.81 
3.81 

45.35 
51.55 

53.77 
41.90 
35.51 
44.80 
42.22 
36.44 

Totals, 

Averages, 

7,775.9 

13.121 

1,020.59 

4.521 

351.54 

Experiment  II. 
Apple  Pomace  Ration. 


Fancy  IV, 

524.6 

14.52 

76.17 

5.33 

27.96 

46, 

1,079.1 

11.18 

120.64 

3.29 

35.50 

Colantha  II 

1,065.8 

13.01 

138.66 

4.44 

47.32 

Colantha  IV 

824.6 

11.83 

97.55 

3.66 

30.18 

Ida  II 

829.3 

14.02 

116.27 

5.12 

42.46 

Red  IV 

1,083.0 

13.16 

142.52 

4.80 

51.98 

Fancy  V,      

677.6 

14.55 

98.59 

5.51 

37.34 

Samantha  IV 

987.8 

12.80 

126.44 

4.51 

44.55 

190, 

814.4 

12.54 

102.13 

4.17 

33.96 

Peggy, 

747.9 

14.12 

105.60 

5.45 

40.76 

Cecilell, 

737.7 

13.82 

101.95 

5.22 

38.51 

Totals, 

9,371.8 

- 

1,226.52 

- 

430.52 

Averages 

- 

13.091 

- 

4.591 

- 

Com  Meal  Ration. 


Fancy  IV 

547.3 

14.91 

81.60 

5.63 

30.81 

46 

912.6 

12.03 

109.79 

3.51 

32.03 

Colantha  II, 

893.1 

12.83 

114.58 

4.74 

42.33 

Colantha  IV, 

839.5 

12.12 

101.75 

3.51 

29.47 

Ida  II 

800.0 

14.03 

112.24 

5.33 

42.64 

Red  IV, 

1,022.3 

13.69 

139.95 

5.13 

52.44 

Fancy  V 

728.7 

14.78 

107.70 

5.68 

41.39 

Samantha  IV, 

1,166.1 

12.77 

148.91 

4.48 

52.24 

190, 

930.7 

12.26 

114.10 

4.08 

37.97 

Peggy,          ...... 

871.5 

14.10 

122.88 

5.60 

48.80 

Cecile  II 

858.6 

13.77 

118.23 

5.16 

44.30 

Totals,            .        .        .        .        . 

9,570.4 

- 

1,271.73 

- 

454.42 

Averages 

- 

12.291 

- 

4.751 

- 

1  Average  percentage  of  solids  and  fat  obtained  by  dividing  total  pounds  of  each  by  total  milk 
yield. 
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REPORT  OF  THE  CRANBERRY  STATION  FOR 
1919  AND  1920. 


BY  H.  J.   FRANKLIN. 


The  cranberry  industry  in  southeastern  Massachusetts,  particularly 
in  Barnstable  and  Pl3Tnouth  counties,  is  the  most  marked  feature  of  the 
agriculture  of  that  region.  It  has  given  large  value  to  some  14,000  acres 
of  peat  and  muck  soils  which  previously  had  little  or  no  value,  having 
made  mosquito-breeding  swamps  into  agriculturally  productive  land.  It 
gives  seasonal  employment  to  many  hundreds  of  workers,  and  it  adds 
from  two  to  three  million  dollars  to  the  value  of  the  agricultural  products 
of  the  section  annually.  The  cranberry  is  the  most  important  export 
crop  of  the  State. 

It  is  thus  apparent  that  anything  which  injures  the  cranberry  industry 
affects  not  only  the  sections  in  which  the  berries  are  grown  but  also  the 
Commonwealth  as  a  whole.  Partial  crop  failures,  whatever  the  cause, 
result  in  severe  loss,  both  to  the  bog  owners  and  operators  and  to  the 
laborers  who  are  accustomed  to  secure  a  part  of  their  Uvelihood  by  work 
on  the  bogs.  Reduction  of  the  crop  lessens  the  abiUty  of  the  community 
to  meet  its  taxes;  it  also  decreases  the  purchasing  power  of  the  section  and 
so  affects  other  industries.  It  was  to  develop  methods  of  avoiding  such 
partial  crop  failures  that  the  State  in  1910  estabhshed  the  Cranberry 
Station  of  the  Experiment  Station. 

For  ten  years  the  Cranberry  Station  has  been  in  operation.  It  has 
given  major  attention  to  the  study  of  the  insects  which  injuriously  affect 
the  cranberry  crop.  It  has  also  investigated  the  problems  of  plant  disease 
control,  bog  fertilization,  berry  storage,  frost  protection,  cranberry 
varieties,  and  even  the  possibihties  of  the  blueberry  as  a  companion  crop 
to  cranberries.  In  addition,  the  Cranberry  Station  has  served  as  a  center 
for  growers'  meetings,  and  the  services  of  the  speciaUst  in  charge  in  an 
advisory  capacity  have  been  widely  sought  by  the  growers.  The  follow- 
ing report  is  the  eighth  of  the  Cranberry  Station,  and  is  a  discussion  of  the 
more  important  results  of  the  work  of  1919  and  1920. 
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Field  Meetings. 
In  early  June,  1920,  five  field  meetings  were  held  (in  Rochester,  Carver, 
Plymouth,  Wareham  and  Sandwich)  with  cranberry  growers  to  demon- 
strate the  use  of  the  insect  net  in  discovering  and  gauging  certain  insect 
infestations  in  their  early  stages.  These  meetings  were  planned  as  a 
special  effort  in  the  control  of  the  gypsy  moth,  but  the  other  open-feeding 
caterpillars  often  harmful  to  bogs,  such  as  spanworms  and  false  army 
worms,  were  also  discussed.  A  supply  of  nets  had  been  prepared  and 
sixty  were  sold  to  growers. 

Frost  Predictions. 
In  both  1919  and  1920  much  progress  was  made  in  perfecting  methods 
of  frost  predicting.  Most  of  the  results  of  this  study  and  of  the  frost  in- 
vestigations of  previous  years  are  given  in  a  paper  lately  pubhshed.  ^ 
In  1920  arrangements  were  made  with  the  New  England  Telephone  and 
Telegraph  Company  for  distributing  frost  predictions  to  be  sent  out  by 
the  station  in  the  early  afternoon  and  early  evening.  This  service  began 
in  the  fall. 

Study  of  Cranberry  Varieties. 
The  study  of  the  characteristics  of  the  Cape  cranberry  varieties  was 
continued,  special  attention  being  given  to  seed  counts.    Small  plantings 
of  the  Pride  and  Wales  Henry  varieties  were  made  at  the  station  in  the 
spring  of  1920. 

Additions  to  Station  Equipment. 

In  1919  a  lean-to  shed,  41  by  20  feet,  with  a  concrete  floor,  corrugated 
iron  sides,  and  board  and  paper  roof,  was  added  to  the  station  building. 
In  one  end  of  this,  a  part  11 J  by  20  feet  was  made  into  a  garage,  the 
larger  room  being  for  box  and  barrel  storage.  This  addition  had  long 
been  needed,  for  when  the  bog  produced  a  large  crop  the  building  was  too 
crowded  for  storage  tests. 

A  screening  belt  and  a  Ford  runabout  truck  also  were  added  to  the 
station  equipment  in  1919.  The  latter,  presented  by  the  Cape  Cod  Cran- 
berry Growers'  Association,  was  especially  helpful,  making  it  possible  to 
visit  bogs  in  distant  towns  more  freely.  This  extension  of  the  field  of  opera- 
tions not  only  made  the  station  more  serviceable  to  the  growers,  but  also 
yielded  valuable  results  in  the  way  of  new  observations. 

Yields  in  1919  and  1920. 
The  station  bog  yielded  scantily  in  1919  for  reasons  given  below,  only 
about  80  barrels  of  berries  being  sold,  and  this  fruit  of  poor  quaUty.    On 
this  account,  keeping  tests  were  mostly  omitted  that  year.   In  1920  the  bog 

1  Monthly  Weather  Review  Supplement  No.  16:  20-30,  1920. 
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produced  909  barrels  of  unusually  sound  berries  which  sold  for  about 
17,300. 

The  spring  and  early  summer  of  1920  on  the  Cape  were  wet  and  back- 
ward. Because  of  the  rains,  there  were  a  few  hundred  acres  from  which 
it  was  impossible  to  remove  the  winter  water  early  enough  to  grow  a  crop, 
the- importance  of  adequate  drainage  thus  being  emphasized  again. 

In  1920  most  of  the  Cape  bogs  bloomed  very  heavily  and  so  aroused 
the  anticipation  of  a  record  crop,  but  there  was  a  marked  and  widespread 
failure  to  set  fruit,  and  the  total  Cape  yield  was  only  about  277,000  barrels. 
The  weather  and  blossom  conditions  and  the  fruiting  failure  paralleled 
those  of  1916,^  except  that  thin  vines  were  not  relatively  more  fruitful. 

Fungous  Diseases. 
The  "Rosehloom"  Disease. 

As  the  "rosebloom"  disease  (Exobasidium  oxy cocci)  had  greatly  reduced 
the  crop  of  Howes  and  McFarlin  berries  on  the  station  bog  for  three  suc- 
cessive years,  treatment  by  flooding  was  tried  in  1919.  The  winter  flood 
was  let  off  March  23,  and  the  shoots  enlarged  by  the  disease  became 
partly  grown  and  abundant  by  May  25  when  the  first  reflooding  was  done. 
The  water  was  held  sixty  hours,  the  weather  being  mostly  clear.  The 
diseased  shoots  collapsed  and  dried  up  within  a  day  after  the  flood  was 
let  off.  More  such  shoots  grew  later  and  were  killed  by  the  mid-June 
flowage  mentioned  below.  Little  evidence  of  the  disease  appeared  on  the 
bog  the  rest  of  the  season,  and  comparatively  few  of  the  enlarged  shoots 
grew  in  1920,  the  treatment  thus  seeming  to  have  been  largely  successful. 
The  early  destruction  of  the  diseased  growths  probably  reduced  the  spore 
production  of  the  fungus  greatly,  and  thus  lessened  the  infection  of  the 
new  axillary  buds. 

Wisconsin  False  Blossom. 

False  blossom  (the  Wisconsin  disease)  has  previously  been  reported^  as 
found  on  five  Cape  bogs,  the  infestation  being  due  to  planting  Wisconsin 
vines  in  every  case.  All  these  infestations  have  been  wiped  out  by  de- 
stroying the  infected  vines.  In  the  fall  of  1919  six  heretofore  unnoticed 
infestations  were  found  by  Dr.  Stevens  of  the  Bureau  of  Plant  Industry 
and  the  writer  on  Holliston  ^  vines  in  Pembroke,  Carver  and  Wareham. 
The  histories  of  the  plantings  strongly  suggested  that  all  the  infections 
had  had  a  common  origin  on  a  bog  in  Wareham,  where  the  variety  had 
been  known  as  "Small's  No.  1."  Holliston  vines  on  ten  other  bogs,  in 
Plymouth,  Carver,  Middleborough,  Lakeville,  South  Hanover  and  HolUs- 
ton,  the  planting  in  the  last-named  town  being  the  original  one  of  the 
variety,  showed  no  sign  of  the  disease.  This  suggests  that  the  HoUiston 
variety,  as  grown  on  the  Cape,  may  be  a  double  one,  the  infected  strain 

1  Mass.  Agr.  Expt.  Sta.,  Bui.  No.  180,  1917,  p.  184. 

2  Mass.  Agr.  Expt.  Sta.,  Bui.  No.  160,  1915,  p.  100;   and  Bui.  No.  168,  1916,  p.  5. 

3  This  variety  is  widely  known  as  "Mammoth"  or  "Batchelder,"  but  the  name  of  its  place  of 
origin  seems  preferable. 
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perhaps  having  come  from  Wisconsin.  The  Bennet  Jumbo  variety  re- 
sembles the  HoUiston.  The  fact  that  HolUston  vines  are  widely  infected 
warns  against  further  planting  of  the  variety. 

Early  Black  and  Howes  vines  much  affected  by  false  blossom  were 
found  on  two  bogs  in  Marion.  The  vines  of  these  plantings  came  from 
several  sources  and  the  origin  of  the  infection  is  uncertain.  This  disease 
evidently  is  more  widely  prevalent  on  the  Cape  than  has  been  supposed. 
Those  who  start  new  plantings  should  be  careful  not  to  use  vines  harbor- 
ing it. 

Fungous  Injury  to  Small  Berries  caused  by  Submergence. 

In  late  July  and  early  August,  1919,  numerous  tests  were  conducted  to 
determine  the  effect  of  submergence  on  the  small  berries.  Pieces  of  cran- 
berry turf,  with  the  vines  bearing  berries,  were  immersed  in  Spectacle 
Pond  (East  Wareham)  in  clear  or  mostly  clear  weather.  The  periods  of 
submersion  were  one  to  four  days  long.  Early  Black  and  Howes  berries 
from  various  bogs  were  tested  comparatively  in  this  way  several  times. 
Pride  and  Perry  Pted  berries  also  were  tried.  In  all  cases  the  Howes  fruit 
was  hurt  less  by  the  submersion  than  that  of  the  other  varieties.  It  ap- 
peared that  this  variety  usually  can  be  flooded  forty-eight  hours  in  clear 
weather,  while  the  berries  are  small,  without  serious  immediate  harm. 
Such  treatment  probably  would  impair  keeping  quality,  however.  The 
results  with  the  Early  Black  berries  varied  greatly,  some  lots  being  much 
harmed  by  twenty-four  hours  of  submersion,  while  others  seemed  little 
hurt  after  forty-eight  hours;  but  generally  this  variety  was  the  most 
susceptible  to  injury  of  those  treated,  the  Pride  and  Perry  Red  being  in- 
termediate. The  water  did  most  harm  when  its  temperature  was  relatively 
high.  Some  Howes  lots  showed  but  little  softening  when  submerged  in 
cool  weather  four  days. 

Injury  incidental  to  submergence  seemed  due  to  rapid  development  of 
putrefactive  fungi.  The  softening  of  the  berry  always  started  in  a  small 
spot  which  kept  enlarging  as  long  as  the  immersion  continued,  until  it 
included  the  whole  fruit.  The  softened  tissue  examined  microscopically 
was  found  always  full  of  mycelium. 

Dr.  C.  L.  Shear,  of  the  Bureau  of  Plant  Industry,  and  his  assistants, 
made  cultures  from  the  softened  tissues  of  various  lots  of  berries  from 
these  tests.  The  fungi  found  and  their  relative  abundance  are  shown  in 
Table  1. 
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Table  1.  —  Fungi  found  in  Fruit  of  Summer  Immersion  Tests. 


Fungi. 


Early 
Black. 


Perry- 
Red. 


Pride. 


Howes. 


Totals. 


Dematium,  .        '.        .        . 

Fusicoccum  putrefaciens  Shear, 

Phomopsis, 

Sporonema  oxycocci  Shear,  . 
Penicillium  sp., 

Pestalozzia  guepini  vaccinii  Shear, 
Glomerella  cingulata,    . 
Acanthorhynchus  vaccinii  Shear, 

Altenaria 

Undetermined,    .... 


2y2 
V2 

0 
1 
1 

0 

V2 
iy2 


1 

2H 

0 

0 

0 

0 

¥2 
0 
0 
5 


5 

3J'2 

3 
3 
2 

1 

V2 


The  totals  of  the  table  show  that  most  of  the  softening  of  the  berries  was  caused  by  the  first 
five  fungi,  and  that  the  first  two  were  the  most  active. 


Spraying  for  the  Control  of  Fungous  Diseases. 
Tables  2,  3  and  4  show  the  results  of  spraying  Early  Black  vines  with 
"Corona"  lead  arsenate  used  at  the  rate  of  4  pounds  to  50  gallons  of 
water,  without  soap.  The  plots  of  Tables  2  and  3  were  the  same  areas, 
respectively,  so  numbered  in  1918.  ^  In  1919,  plots  A.  L.  3  and  A.  L.  4 
were  treated  on  June  24  and  July  11;  A.  L.  5  on  June  23,  July  12  and  31; 
and  A.  L.  7  on  June  24,  July  11  and  24.  All  the  plots  of  Tables  3  and  4 
were  sprayed  on  June  23,  July  26  and  August  20.  The  quantity  of  fruit 
stored  in  1919  varied  from  1  to  4  bushels  for  each  plot  or  check.  In  1920, 
6  or  7  bushels  were  stored  for  each  area  of  Table  3,  and  from  2  to  7  bushels 
for  each  area  of  Table  4.  The  effect  of  this  spraying,  shown  by  the  per- 
centages in  the  tables,  except  possibly  those  of  plot  B,  confirms  the  results 
of  like  tests  in  previous  years.  ^ 

1  Mass.  Agr.  Expt.  Sta.,  Bui.  No.  192,  1919,  p.  107. 

2  Mass.  Agr.  Expt.  Sta.,  Bui.  No.  180,  1917,  pp.  189-192;  Bui.  No.  192,  1919,  pp.  106,  107. 
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Table  2.  —  Station  Bog  Early  Black  Spraying  Plots  {Fungous  Diseases) 
treated  with  Lead  Arsenate,  1919. 


Plots  and  Checks. 


Area 
(Square 
Rods). 


Yield 
per  Square 

Rod 
(Bushels). 


Storage  Period. 


Percentage 
of  Berries 
showing 
Decay  at 
End  of 
Storage. 


A.  L.  3, 
Check  1, 
Check  2, 

A.  L.  4, 
Check  1, 
Check  2, 

A.  L.  5, 
Check  1, 
Check  2, 
Check  3, 

A.  L.  7, 
Check  1, 
Check  2, 


Sept.  16  to  Dec.  12 
Sept.  16  to  Dec.  12 
Sept.  16  to  Dec.  12 

Sept.  16  to  Dec.  11 
Sept.  16  to  Dec.  11 
Sept.  16  to  Dec.  13 

Sept.  16  to  Dec.  12 
Sept.  16  to  Dec.  12 
Sept.  16  to  Dec.  11 
Sept.  16  to  Dec.  11 

Sept.. 16  to  Dec.  11 
Sept.  16  to  Dec.  11 
Sept.  16  to  Dec.  11 


34.39 
47.34 
48.11 

37.14 
41.38 
49.98 

43.01 
57.82 
63.65 
65.07 

47.11 
63.56 
60.04 


Table  3.  —  Station  Bog  Early  Black  Spraying  Plots  (Fungous  Diseases) 
treated  with  Lead  Arsenate,  1920. 


Plots  and  Checks. 

Area 
(Square 
Rods). 

Yield 
per  Square 

Rod 
(Bushels). 

Storage  Period. 

Percentage 
of  Berries 
showing 
Decay  at 
End  of 
Storage. 

A.  L.  1, 
Check  1, 
Check  2, 
Check  3, 

A.  L.  2, 

Check  1, 
Check  2, 
Check  3, 

A.  L.  3, 
Check  1, 
Check  2, 

A.  L.  4, 
Check  1, 
Check  2, 

A.  L.  5, 
Check  1, 
Check  2, 
Check  3, 

A.  L.  7, 
Check  1, 
Check  2, 
Check  3, 

9 
6 
6 
6 

9 
6 
6 
6 

9 
6 
6 

8 
6 

8 

9 
9 
6 
6 

8 
8 
4 
8 

1.30 
1.33 
1.44 
1.61 

1.50 
1.42 
1.63 
1.92 

1.74 
1.86 
1.96 

1.70 
2.21 
2.04 

1.31 
1.37 
1.11 
1.15 

1.06 

1.06 

.81 

1.13 

Sept.  18  to  Dec.    3 
Sept.  18  to  Dec.    4 
Sept.  18  to  Dec.    3 
Sept.  18  to  Dec.    3 

Sept.  27  to  Dec.    7 
Sept.  27  to  Dec.    7 
Sept.  27  to  Dec.    7 
Sept.  27  to  Dec.    7 

Sept.  27  to  Dec.    6 
Sept.  27  to  Dec.    6 
Sept.  27  to  Dec.    6 

Sept.  27  to  Dec.    4 
Sept.  27  to  Dec.    6 
Sept.  27  to  Dec.    6 

Sept.  18  to  Dec.    3 
Sept.  18  to  Dec.    4 
Sept.  18  to  Dec.    3 
Sept.  18  to  Dec.    2 

Sept.  18  to  Nov.  30 
Sept.  18  to  Nov.  29 
Sept.  18  to  Nov.  29 
Sept.  18  to  Nov.  30 

12.06 
18.09 
24.56 
19.02 

18.26 
28.30 
26.35 
32.02 

9.88 
22.73 
25.13 

9.39 
25.04 
23.55 

8.74 
18.45 
17.96 
17.78 

5.27 
20.47 
15.34 
19.17 
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Table  4.  —  Eagle  Holt  Bog  Early  Black  Spraying  Plots  (Fungous  Dis- 
eases) treated  with  Lead  Arsenate,  1920. 


Plots  and  Checks. 

Storage  Period. 

Percentage  of 

Berries 
showing  Decay 

at  End 
of  Storage. 

Plot  A 

Check,          .        .        .        . 

PlotB, 

Check  1 

Check  2 

Checks, 

Oct.  to  Nov.  27 

Oct.  1  to  Nov.  29,          ... 

Sept.  10  to  Nov.  26,       . 
Sept.  10  to  Nov.  26,       . 
Sept.  10  to  Nov.  26,       . 
Sept.  10  to  Nov.  26       .        .        . 

9.61 
19.96 

20.88 
21.89 
22.23 
22.71 

The  plots  of  Table  5  were  treated  in  the  same  way  and  on  the  same 
dates  as  those  of  Tables  3  and  4.  The  results  with  the  first  plot  were  like 
those  with  the  Early  Black  variety,  but  the  fruit  of  the  second  plot  showed 
no  effect  from  the  spraying. 


Table  5.  —  Station  Bog  Howes  Spraying  Plots  (Fungous  Diseases)  treated 
with  Lead  Arsenate,  1920. 


Plots  and  Checks. 


Area 
(Square 
Rods). 


Yield 
per  Square 

Rod 
(Bushels). 


Storage  Period. 


Percentage 
of  Berries 
showing 
Decay  at 
End  of 
Storage. 


Howes  A.  L.  1, 
Check  1, 
Check  2, 
Check  3, 

Howes  A.  L.  2, 
Check  1, 
Check  2, 
Check  3, 


9 
6 

W2 


.74 
.42 
.74 
.93 

1.43 

1.07 

.94 

1.22 


Oct.  2  to  Dec. 
Oct.  2  to  Dec. 
Oct.  2  to  Dec. 
Oct.  2  to  Dec. 

Oct.  2  to  Dec. 
Oct.  2  to  Dec. 
Oct.  2  to  Dec. 
Oct.  2  to  Dec. 


5.92 
8.78 
8.61 


14.66 
13.69 
14.98 
10.09 


Table  6  shows  that  two  Early  Black  plots  gave  a  reaction  to  calcium 
arsenate  like  that  produced  by  lead  arsenate.  These  plots  were  sprayed 
June  22,  July  27  and  August  20,  the  insecticide  being  used  at  the  rate  of 
4  pounds  to  50  gallons  of  water,  without  soap.  Five  or  6  bushels  of  fruit 
from  each  of  these  plots  and  each  check  were  stored. 
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Table  6.  —  Station  Bog  Early  Black  Spraying  Plots  {Fungovs:  T)'>'seases) 
treated  with  Calcium  Arsenate,  1920. 


Plots  and  Checks. 


Area 
(Square 
Rods). 


Yield 
per  Square 

Rod 
(Bushels). 


Storage  Period. 


Percentage 
of  Berries 
showing 
Decay  at 
End  of 
Storage. 


A.  Lime  1, 
Check, 

A.  Lime  2, 
Check, 


1.63 
1.94 


1.39 
1.58 


Sept.  27  to  Dec.  6 
Sept.  27  to  Dec.  7 

Sept.  27  to  Dec.  4 
Sept.  27  to  Dec.  1 


20.85 
28.06 


10.63 
16.52 


With  all  the  spraying  plots  having  more  than  one  check,  the  checks 
bordered  different  sides  of  the  plot.  The  berries  were  all  scoop-picked 
and  stored  in  bushel  crates  as  they  came  from  the  bog.  At  the  end  of  the 
storage  the  fruit  was  examined  by  the  "seven-sample"  method^  by  the 
screeners  employed  at  the  station,  under  the  writer's  supervision,  the  in- 
spector's cup  of  the  New  England  Cranberry  Sales  Company  being  used 
for  sampUng.  The  Sales  Company's  hand  grader  was  used  to  facilitate 
the  work. 

In  both  1919  and  1920  the  vines  sprayed  repeatedly  with  lead  arsenate 
for  three  or  more  years  had  such  a  growth  of  runners  that  they  were  hard 
to  scoop.  As  the  surrounding  bog  showed  no  such  development,  this  was 
clearly  a  reaction  to  the  insecticide.  The  sprayed  vines  seemed  to  show 
a  slight  reduction  in  number  of  uprights.  On  the  whole,  the  effect  of  the 
spraying  on  the  vines  was  distinctly  undesirable. 

In  1920  Dr.  Shear  and  his  assistants  made  cultures  of  the  fungi  in 
twenty  rotten  berries  taken  at  random  at  the  end  of  the  storage  period 
from  among  the  fruit  of  each  of  three  of  the  lead  arsenate  plots  and  the 
fruit  of  the  checks  on  each  of  these  plots.  Table  7  shows  what  fungi  were 
found.  Apparently  the  spraying  had  reduced  both  Phomopsis  and  Fusi- 
coccum  putrefaciens  greatly,  and  had  affected  Glomerella,  Sporonema  and 
Dematium  little,  if  any.  These  conclusions  are  supported  by  the  fact 
that  mostly  negative  results  have  been  obtained  in  spraying  Howes  vines 
with  lead  arsenate,  for  studies  in  previous  seasons^  showed  that  on  the 
station  bog  Glomerella  was  relatively  a  much  more  important  disease  of 
the  Howes  variety  than  of  the  Early  Black. 

1  In  this  method  seven  samples  from  each  crate  are  examined,  one  being  taken  from  the  surface 
berries  of  each  half  of  the  crate  halfway  between  the  middle  and  end;  one  from  each  half  of  the 
crate  halfway  between  the  top  and  bottom  and  halfway  between  the  center  and  end;  one  from  the 
very  center;  and  one  from  the  very  bottom  of  each  half  of  the  crate  halfway  between  the  middle 
and  end. 

2  Mass.  Agr.  Expt.  Sta.,  Bui.  No.  198,  1920,  pp.  88-92. 
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Table  7.  —  The  Number  of  Cultures  of  Different  Fungi  obtained  from 
Decayed  Berries  from  Sprayed  Areas  and  their  Unsprayed  Checks. 


Number  of  Berries  giving  Cultures  of  the  Fungi.  > 

SPRATED  PLOTS. 

CHECK  PLOTS    (NOT  SPRAYED). 

Fungi. 

A.  L.  2. 

A.  L.  5. 

A.  L.  7. 

Totals 
of  the 
Three 
Plots. 

Checks 

on 
A.  L.  2. 

Checks 

on 
A.  L.  5. 

Checks 

on 
A.  L.  7. 

Totals 

of  the 

Checks. 

Fusicoccum, 

2 

8 

8 

18 

8 

11 

15 

34 

Glomerella, 

11 

9 

7 

27 

3 

5 

2 

10 

Phomopsis, 
Sporonema, 
Penicillium, 

0 
0 
2 

1 
2 
0 

1 

7 
3 

2 
9 
5 

2 
0 

2 

3 
4 
1 

5 
1 
0 

10 
5 
3 

Dematium, 

2 

1 

1 

4 

1 

0 

0 

1 

Alternaria, 

0 

0 

0 

0 

2 

0 

0 

2 

1  In  each  case  cultures  were  made  from  twenty  rotten  berries. 

Keeping  Tests  with  the  Pride  Variety. 
As  the  Pride  is  the  most  productive  cranberry  variety  and  is  not  widely 
grown,  knowledge  of  the  keeping  quality  of  its  fruit  is  desirable.  In  a 
test  made  in  a  previous  year  this  variety  seemed  superior  to  the  Early 
Black  and  not  greatly  inferior  to  the  Howes.  In  1919  a  shipping  test  was 
conducted,  Early  Black  berries  being  provided  by  the  station,  three  Pride 
lots  by  B.  F.  Vose,  L.  B.  Handy  and  the  Federal  Cranberry  Company, 
respectively,  and  two  Howes  lots  by  C.  R.  Rogers.  Each  lot  consisted  of 
one  barrel  of  berries.  All  the  fruit  was  separated,  screened  and  packed 
under  uniform  conditions  at  the  Carver  packing  house  of  the  New  England 
Cranberry  Sales  Company.  It  was  shipped  to  Washington,  D.  C,  and 
there  stored  and  examined  under  the  direction  of  Drs.  Shear  and  Stevens. 
The  results  appear  in  Table  8. 


Table  8.  —  Results  of  Keeping  Test  of  Cranberries,  1919. 

[The  berries  were  screened  at  North  Carver  October  16,  received  at  Washington,  D.  C,  October 
24,  and  stored  at  a  temperature  of  40  to  50°  F.  until  the  date  given.  Note  that  the  Early  Blacks 
and  the  first  lot  of  Prides  were  sorted  a  week  before  the  rest.] 


Percentage  of  Sound  Berries. 

Barrel  S.^mples. 

Station 
Early 
Blacks 

(Sorted 
Nov.  15). 

Handy 
Prides 

(Sorted 
Nov.  15). 

Federal 
Prides 

(Sorted 
Nov.  22). 

Vose 
Prides 

(Sorted 
Nov.  22). 

Rogers 
Howes 

(Sorted 
Nov.  22). 

Rogers 
Howes 

(Sorted 
Nov.  22). 

Top,  . 

Vi,     . 
M,      . 
Middle, 
Middle, 
Va,      . 
H,      . 

Bottom, 

41 
39 
33 
41 
52 
36 
39 
49 

80 
65 
65 
69 
73 
60 
69 
71 

56 
52 
58 
55 
50 
61 
58 
60 

70 
70 
84 
70 
63 
63 
68 
76 

72 
77 
75 
79 
76 
80 
89 
83 

84 
85 
84 
80 
88 
82 
82 
81 

Averag 

3, 

41 

69 

56 

71 

79 

83 

158       MASS.    EXPERIMENT    STATION    BULLETIN    206. 


Insects. 
The  Green  Spanworm  {Cymatophora  sulphurea  (Pack.)). 

This  species  was  unusually  prevalent  in  1920,  the  moths  appearing 
abundantly  on  many  bogs  and  the  worms  wiping  out  a  fine  crop  promise 
on  several  bogs  in  Duxbury. 

The  moths  were  flying  in  clouds  on  the  Duxbury  bog  on  July  22  and  also 
on  August  2.  On  the  former  date  the  males  outnumbered  the  females 
fully  200  to  1,  while  on  the  latter  they  seemed  only  slightly  more  numer- 
ous. This  indicates  that  the  species  is  strongly  protandrous  in  emerging 
from  the  pupa.  The  males  are  more  active  than  the  females,  but  both 
sexes  rest  much  among  the  vines.  The  males  fly  much  less  than  those  of 
Epelis  truncataria,  but  they  are  flushed  up  easily.  Several  females  reared 
in  confinement  and  dissected  before  they  oviposited  contained  from  103  to 
117  eggs.  The  greater  egg  capacity  of  Epelis^  may  explain  its  greater 
prevalence.  Green  spanworms  captured  August  2  were  found  to  be  mostly 
through  laying.  The  greenish-white  eggs  are  laid  singly  on  the  old  fallen 
leaves  under  the  vines,  and  winter  under  the  water  (if  the  bog  is  fiooded), 
hatching  in  the  spring. 

The  injury  done  on  the  Duxbury  bog  was  much  like  the  work  of  the 
blossom  worm  ^  (or  bud  worm),  the  flowers  being  nipped  off  and  dropped. 

The  Brown  Spanworm  {Epelis  truncataria  var.  faxonii  Minot). 

This  species  was  found  in  great  numbers  on  twelve  different  bogs  in 
1919,  and  the  moths  appeared  abundantly  on  even  more  in  1920.  It  was 
so  much  more  prevalent  than  usual  that  it  demanded  as  much  attention 
as  any  cranberry  pest  except  the  gypsy  moth.  The  writer  attended  to 
many  requests  for  advice  in  checking  infestations  in  1920,  and  the  insect 
did  Uttle  harm  except  on  a  few  neglected  bogs,  lead  arsenate  (3  pounds  of 
powder  to  50  gallons  of  water)  being  very  effective  wherever  used. 

The  worms  began  hatching  June  30,  1919,  and  July  1,  1920,  probably 
being  about  normal  in  this  respect  both  years.  In  1919  they  worked  on 
some  bogs  until  into  August.  Uncounted  hundreds  over  a  thousand  of 
the  small  worms  to  50  sweeps  of  an  insect  net  were  obtained  on  parts  of  one 
bog  two  days  after  hatching  began  there.  This  bog  was  sprayed  with  lead 
arsenate  at  once.  It  was  examined  again  sixteen  days  later  and  75  nearly 
mature  worms  to  50  sweeps  of  the  net  were  obtained  on  the  area  most  in- 
fested. These  caterpillars  were  doing  little  harm,  for  the  only  notable 
injury  on  the  vines  was  the  work  of  the  multitude  of  small  worms  that 
had  been  checked  by  the  sprajdng  soon  after  they  began.  The  tips  of  the 
vines  had  made  much  new  growth  after  the  spraying.  This  was  lighter 
green  than  the  eariier  growth  of  the  season  and  showed  little  worm-eating. 
This  and  other  observ^ations  have  shown  that  an  infestation  of  this  insect 
giving  less  than  50  worms  to  50  sweeps  of  the  net  will  not  do  much  harm 

1  Mass.  Agr.  Expt.  Sta.,  Bui.  No.  150,  1914,  p.  50. 

2  U.  S.  Dept.  Agr.,  Farmers'  Bui.  No.  860,  1917,  p.  23. 
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when  not  treated.  With  such  a  light  attack,  it  may  not  pay  to  spray  if 
the  bloom  is  heavy  and  the  crop  prospect  good,  because  of  the  mechanical 
injury  done  in  spraying.  If  the  crop  promise  is  poor,  however,  it  is  best 
to  treat  even  a  light  infestation  to  save  trouble  the  next  year.  The  writer 
observed  a  case  in  which  an  infestation  giving  275  worms  to  50  sweeps 
of  the  net  destroyed  fully  three-fourths  of  a  fine  prospective  crop.  One 
experienced  with  this  pest  can  gauge  a  coming  attack  fairly  well  by  the 
numbers  in  which  the  moths  appear  in  mid- June. 

The  spraying  should  be  done  when  the  eggs  begin  to  hatch,  for  the 
worms  are  poisoned  most  easily  in  their  first  stages,  and  they  are  some- 
times numerous  enough  to  destroy  a  fine  crop  promise  within  four  days 
after  hatching  begins.  Therefore  an  infested  bog  should  be  examined  with 
an  insect  net  daily  from  June  20  until  the  worms  are  found.  If  the  in- 
festation is  severe  and  the  area  involved  is  so  large  that  it  will  take  several 
days  to  treat  it,  the  spraying  should  begin  a  few  days  before  the  worms 
are  expected,  and  the  less  heavily  infested  vines  should  be  treated  first. 
Under  such  conditions  the  work  usually  should  start  about  June  26  on  bogs 
from  which  the  winter  water  has  been  let  off  before  May  5. 

The  small  worms  seem  usually  to  attack  the  flower  buds  as  soon  as 
anything,  a  hole  commonly  being  eaten  through  the  ovary.  Often  in 
moderate  infestations  they  work  like  the  blossom  worm  mentioned  above, 
the  flowers  being  nipped  off  and  dropped  to  the  ground. 

When  this  species  attacks  severely  enough  to  turn  the  vines  brown  it 
always  destroys  all  chances  of  a  crop  in  the  following  year,  even  if  it  is 
completely  controlled  that  season,  and  sometimes  patches  of  vines  fail  to 
recover  for  two  or  three  years. 

The  period  of  activity  of  the  green  spanworm  moths  coincides  with  that 
of  the  worms  of  this  insect,  and  as  both  species  often  abound  on  the  same 
area,  they  are  much  confused  in  the  minds  of  growers. 

The  Cranberry  Girdler  (Crambus  hortuellus  Htibner). 

This  pest  was  much  more  prevalent,  especially  in  1920,  than  it  had 
been  for  many  years.  Its  increase  was  pretty  certainly  due  to  the  general 
neglect  of  resanding  during  and  since  the  war. 

Hitherto  unreported  parasites  of  the  girdler  were  reared,  as  follows:  — 

1.  Cremastus  facilis  (Cress.).  ^  This  species  makes  a  delicate  brownish- 
gray  cocoon  inside  that  of  its  host.  Apparently  no  girdler  cocoon  ever 
contains  more  than  one  of  these  parasites.  The  adult  parasites  emerged 
June  6  and  7, 1919,  from  cocoons  collected  on  a  bog  the  former  day.  About 
10  per  cent  of  the  cocoons  harbored  this  parasite. 

2.  Macrocenlrus  sp.  ^  Several  cocoons  of  this  species  were  found  to- 
gether in  each  of  two  host  cocoons  collected  on  a  bog  May  31,  1919.  The 
adults  emerged  from  one  to  four  days  later. 

3.  Phygadeuon  sp.  ^  The  cocoons  of  this  parasite  are  yellow  and 
astonishingly  tough.    As  with  Cremastus,  there  is  but  one  in  a  host  cocoon. 

1  Identified  by  R.  A.  Cushman  of  the  Bureau  of  Entomology. 
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Girdler  cocoons  containing  cocoons  of  this  species  were  collected  on  a  bog 
June  6,  1919,  and  the  adult  parasites  emerged  May  10  and  11,  1920,  their 
cocoon  stage  thus  being  remarkably  long.  It  was  estimated  that  about 
10  per  cent  of  the  girdler  cocoons  on  the  bog  from  which  these  specimens 
came  contained  this  parasite. 

The  girdler  cocoons  from  which  these  three  parasite  species  emerged 
were  collected  at  South  Wareham,  on  a  bog  which  always  is  flooded  in  the 
winter  and  usually  is  flowed  for  a  day  or  two  in  June.  They  were  taken 
from  an  area,  about  80  yards  from  the  bog  margin,  from  which  the  vines 
had  been  burned  off  in  early  May,  before  the  thick  accumulation  of  old 
fallen  leaves  on  the  ground  had  dried  out.  The  burning  had  been  done  to 
destroy  the  girdler  infestation,  but  it  had  not  killed  either  this  pest  or  the 
brown  span  worm  (Epelis),  pupae  of  which  were  present  in  some  numbers. 

The  writer  often  finds  barn  swallows  capturing  large  numbers  of  girdler 
moths.  ^ 

It  was  found  in  1920  that  1  part  of  Black-Leaf  40  in  400  parts  of  water, 
with  2  pounds  of  soap  to  50  gallons  added,  kills  girdler  moths  readily. 
While  this  spray  may  not  control  the  pest  entirely,  it  probably  will  help 
greatly  where  other  means  are  lacking.  It  probably  should  be  used  about 
four  times,  at  three-day  intervals,  for  the  moths  emerge  from  their  cocoons 
in  large  numbers  for  a  week  or  two.  The  insecticide,  tried  in  this  connec- 
tion at  strengths  of  1  to  600  and  1  to  800  with  soap,  and  1  to  400  without 
soap,  proved  unsatisfactory. 

The  Cranberry  Root  Grub  {Amphicoma  vulpina  Hentz.). 
On  July  21,  1917,  some  wash  boilers  with  the  bottoms  removed  were 
driven  into  the  station  bog  until  the  vines  came  within  a  few  inches  of  their 
tops.  Grubs  of  this  species  gathered  from  another  bog  were  put  in  them 
as  follows,  after  which  the  boilers  were  covered  tightly  with  cheesecloth 
for  the  rest  of  the  summer. 

Table  9.  —  Root  Grubs  put  in  Boilers  at  Station  Bog  July  22,  1917. 


Boiler 

No. 

Number  of 
Grubs. 

Length  of  Grubs  2 
(Millimeters). 

1,         

17 
60 
21 
97 
60 

8-10 

2,             

12-15 

3,            

15-20 

4 

20-28 

5,            ....                          

28-30 

1  Forbusb:   Useful  Birds  and  Their  Protection,  p.  346,  1907.    U.  S.  Dept.  Agr.,  Bui.  No.  554, 
1917,  p.  12. 

2  The  grubs  of  various  sizes  were  found  working  together,  as  is  common  with  this  species,  broods 
started  in  two  or  three  different  years  probably  being  represented. 
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On  July  8,  1919,  the  vines  inside  the  boilers  were  removed  and  the  sand 
down  to  the  peat,  about  7  inches  deep,  was  taken  out  and  carefully  sifted. 
Amphicoma  grubs  were  found  as  follows :  — 


Table  10.  —  Root  Grubs  found  in  Boilers  at  Station  Bog  July  8,  1919. 


Boiler  No. 


Number  of 
Grubs  found. 


Length  of  Grubs 
(Millimeters). 


24-25 
21-25 

26 

9-11 


The  grubs  from  the  first  three  boilers  were  evidently  what  were  left 
of  those  put  in  in  1917,  larger  grown.  Those  from  boiler  4  probably  were 
a  new  brood  produced  by  beetles  of  the  grubs  put  in  in  1917.  Grubs  of 
the  smaller  sizes  probably  were  a  year  or  more  old  when  put  in  the  boilers 
in  1917,  and  the  size  of  those  taken  from  boilers  1,  2  and  3  in  1919  sug- 
gests that  they  required  another  year  to  mature.  Evidently,  therefore, 
the  grub  stage  lasts  three  or  four  years. 

On  July  1,  1920,  the  grubs  were  found  in  numbers  among  the  fine  cran- 
berry roots  of  bogs,  within  3  or  4  inches  of  the  surface.  On  July  28,  in  the 
same  places,  they  hardly  could  be  found  among  the  roots,  but  were  abun- 
dant 6  to  10  inches  below  the  surface,  many  being  in  the  peat  under  the 
sand.  One  was  4  inches  deep  in  the  peat.  On  December  3,  in  the  same 
locations,  they  were  3  to  5^  inches  below  the  surface,  the  lowest  being 
near  the  water  table.  It  seems  from  this  that  the  insect  works  deeper  into 
the  soil  as  a  bog  dries  out  in  summer  and  comes  up  again  with  a  rise  of  the 
water. 

The  Army  Worm  {Cirphis  unipuncta  Haw.). 

In  previous  reports,^  the  fall  army  worm  (Laphygma  frugiperda  S.  &  A.) 
and  the  greasy  cutworm  (Agrotis  ypsilon  Rott.)  were  mentioned  as  harm- 
ing bogs  after  removal  of  the  winter  flowage  in  July.  In  1919  a  destructive 
visitation  of  the  army  worm  under  like  circumstances  on  a  bog  at  Mays 
Landing,  N.  J.,  was  reported,  worms  of  the  infestation  one-third  to  one- 
half  grown  being  brought  to  the  writer  on  August  8.  Moths  reared  from 
these  worms  emerged  September  9  and  10.  The  winter  water  had  been 
let  off  from  this  bog  about  July  5. 

On  July  20, 1920,  army  worms,  many  nearly  mature,  were  found  damag- 
ing a  bog  at  Assonet,  bared  of  its  winter  flowage  June  16,  and  on  July  24 
they  were  found  abundant  on  a  bog  in  Carver,  bared  of  its  flowage  July 
2,  the  largest  being  one-fifth  to  one-quarter  growTi.  It  is  noteworthy,  in 
connection  with  these  infestations,  that  this  pest  was  prevalent  in  most 
of  the  Mississippi  Basin  in  both  1919  and  1920.    The  former  year  it  was 


1  Mass.  Agr.  Expt.  Sta.,  Bui.  No.  180,  1917,  p.  232;  Bui.  No.  192,  1919,  p.  133. 
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reported  as  injuring  com  or  grass  in  the  following  towns  in  eastern  Massa- 
chusetts: Wilmington,  Canton,  Bourne,  Falmouth,  Barnstable,  Brewster 
and  Chatham.  That  year  it  destroyed  20  acres  of  corn  on  one  farm  in 
Bourne.    In  1920  it  seriously  hurt  several  acres  of  com  in  Bourne. 

The  army  worm  and  the  fall  army  worm  are  the  two  more  common  of 
the  three  harmful  insects  known  to  infest  the  bogs  as  a  result  of  letting  off 
the  winter  water  in  midsummer.  The  outbreaks  of  both  species  nearly 
always  start  in  the  southern  States.  They  are  noted  there  by  the  Bureau 
of  Entomology  which  forecasts  their  spread  into  the  North.  Such  fore- 
casts were  published  in  both  1919  and  1920.  Cranberry  growers  contem- 
plating holding  winter  flowage  very  late  should  consult  the  Bureau  as  to 
the  prospective  abundance  of  these  pests.  The  army  worm  probably 
never  greatly  harms  cranberry  bogs  reasonably  free  of  grasses  except  in 
infestations  following  very  late  removal  of  the  winter  flood. 

The  Cranberry  Fruit  Worm  (Mineola  vaccinii  Riley) . 

In  1919  this  pest  did  less  harm  than  in  any  previous  year  of  the  writer's 
experience.  Its  reduction  was  to  be  expected  from  the  mildness  of  the 
previous  winter  and  the  wetness  of  the  growing  season.  ^  The  egg  para- 
sitism (Trichogramma)  examined  ranged  from  16  to  88  per  cent  on  dry 
bogs,  and  from  0  to  37  on  flowed  ones. 

In  1920  the  insect  did  much  more  harm  than  in  1919,  the  winter  before 
having  been  severe.  The  egg  parasitism  ranged  from  14  to  50  per  cent 
on  dry  bogs,  and  from  0  to  25  per  cent  on  flowed  ones. 

The  Black-head  Fir eworm  (Rhopobota  vacciniana  (Pack.)). 

This  pest  was  less  harmful  in  1919  than  in  any  previous  year  of  the 
writer's  experience.  The  second  brood  seemed  to  be  entirely  suppressed 
on  some  bogs;  on  others  it  began  hatching  freely,  but  for  some  cause, 
perhaps  disease,  as  a  rule  faded  out  without  doing  much  damage.  In  1920 
this  worm  was  less  harmful  than  usual,  but  more  so  than  in  1919. 

Results  of  sprajdng  tests  in  1920  support  previous  experience  in  indicat- 
ing that  while  1  part  of  Black-Leaf  40  in  800  parts  of  water,  with  2  pounds 
of  soap  to  50  gallons  added,  is  fairly  effective  in  killing  the  worms,  it  is 
probably  better  economy,  all  things  considered,  to  use  the  insecticide  at 
the  rate  of  1  part  to  400  parts  of  water.  One  part  to  800,  with  the  soap, 
kills  the  moths  satisfactorily.  At  either  strength  the  spray  is  safe  to  use 
when  the  vines  are  in  bloom.  Lead  arsenate  may  be  used  with  Black- 
Leaf  40  if  the  soap  is  left  out,^  but  it  should  not  be  so  used  unless  other 
pests,  such  as  the  gypsy  moth  or  spanworms,  are  also  to  be  treated,  for  the 
soap  makes  the  Black-Leaf  40  more  effective. 

As  cloudiness  or  dark  water,  by  reducing  the  light  reaching  the  plants 
and  so  lessening  photosynthesis,  causes  a  marked  decrease  of  oxygen  in 
the  water  of  a  cranberry  bog  flooding  to  be  maintained,  it  seems  that, 

1  Mass.  Agr.  Expt.  Sta.,  Bui.  No.  180,  1917,  p.  227. 

2  The  arsenate  and  soap  naake  a  burning  mixture. 
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under  such  conditions  of  light  reduction,  the  forty-eight-hour  flooding 
period  hitherto  advocated  for  treating  this  insect  may  be  much  reduced, 
for  the  oxygen  deficiency  should  affect  the  worms  as  well  as  the  plants. 

The  Gypsy  Moth  (Porthetria  dispar  L.). 

In  1919  this  insect  hurt  the  bogs  more  than  any  other.  In  1920  it  did 
little  harm,  as  it  was  generally  less  prevalent  and  was  treated  much  more 
effectively  by  the  growers. 

In  1920  Mr.  Walter  F.  Hohnes,  the  gypsy-moth  division  superintendent 
for  Cape  Cod,  and  the  writer  tested  the  open  nozzle  for  treating  this  pest 
on  the  bogs.  This  is  the  nozzle  used  in  the  gypsy-moth  work  to  spray 
tall  trees  from  the  ground.  As  tested  it  proved  unsatisfactory  for  bog 
spraying,  as  it  was  hard  to  spray  at  such  long  range  without  skipping 
considerable  areas;  but  it  should  be  tried  further,  with  smaller  nozzle 
holes  and  lower  pressures. 

Experience  and  experiments  in  recent  years  have  shown  that  this  insect 
can  be  controlled  readily  on  the  bogs  by  — 

1.  Holding  the  winter  Jlowage  until  May  25.  This  will  kill  the  eggs  laid 
on  the  bog  the  season  before,  and  in  most  years  it  also  will  catch  most  of 
the  worm  wind-drift. 

2.  Rejlowing  about  May  29  for  thirty-six  hours.  The  wind-drift  is  about 
over  then,  and  the  water  will  kUl  the  worms  before  they  do  much  harm 
unless  they  are  unusually  numerous.  This  flooding  also  will  destroy 
other  pests  that  may  be  at  work,  such  as  the  false  army  worm  {Calocampa), 
blossom  worm  (bud  worm)  and  fireworm.  After  the  gypsy  caterpillars  are 
one-third  grown,  a  fourteen-hour  flooding  kills  them,  few  getting  ashore 
with  life  enough  to  eat  afterward.  They  seem  to  thrash  themselves  to 
death  in  the  water,  as  do  apparently  all  other  growing  foliage-eating 
worms  of  the  cranberry,  except  those  that  sew  the  leaves  together.  If 
the  worms  are  very  numerous,  however,  it  is  better  not  to  delay  the  flood- 
ing after  the  above  date  in  average  seasons.  The  date  for  the  earliest 
springs  is  May  24  and  for  the  latest  June  3. 

3.  Spraying  with  lead  arsenate  {3  pounds  of  powder  or  6  pounds  of  paste 
to  50  gallons  of  water)  about  May  2^.  Well  applied,  this  treatment  is  sure 
death  to  the  worms  when  they  are  small.  They  are  hard  to  poison  when 
over  half  grown.  In  very  early  springs  the  spraying  shoiild  be  done  about 
May  18;  in  very  late  ones  about  May  30. 

4.  Keeping  the  maturing  worms  from  getting  onto  the  bogs.  This  is  done 
best  by :  — 

(a)  Removing  the  trees,  especially  the  oaks,  for  some  distance  back  from  the 
bog  margin.  The  removal  of  the  underbrush  (scrub  oaks,  etc.)  also  would 
help,  but  this  seems  too  costly. 

(6)  Keeping  the  marginal  ditch  cleaned  out  and  partly  full  of  water,  and 
maintaining  a  film  of  kerosene  or  crude  oil  on  the  water  during  the  worm- 
crawl  period. 
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Bog  Management. 
Experience  and  the  results  of  recent  experiments  lead  to  the  conclusion 
that  winter-flowed  bogs  not  reflowed  in  June  should  be  sprayed  once 
regularly,  a  few  days  before  the  vines  blossom,  with  this  mixture:  — 

Black-Leaf  40,      ..........         1  gallon 

Water,         .  .  .  .     ■     .  .  .  .  .  .  .     400  gallons 

Fish-oil  soap,        .  .  .  .  .  .  .  .  .  .16  pounds 

This  treatment  largely  takes  the  place  of  the  June  reflow  in  reducing 
various  harmful  pests,  especially  — 

1.  The  black-head  fireworm  (Rhopobota  vacciniana  (Pack.)). 

2.  The  spittle  insect  (Clastoptera  vittata  Ball) . 

3.  The  girdler  (Cr ambus  hortuellus  Hilbner). 

4.  Leaf  hoppers  (mainly  species  of  Euscelis  i)  and  spring-tails  (Collembola).  These 
forms  abound  among  the  vines  of  bogs  not  reflowed,  and  must  drain  their  vitality 
considerably.  Cranberry  vines  often  seem  stimulated  in  growth  by  nicotine  sprays. 
Probably  this  is  usually  due  to  the  reduction  of  insect  drains. 

Resanding. 
The  results  with  two  plots  on  the  station  bog  that  have  not  been  sanded 
since  1909  are  shown  in  Tables  9  and  10.  The  check  areas  in  each  case 
bordered  different  sides  of  the  plot.  The  berries  were  Early  Black  and 
were  picked  and  stored  in  1920  on  September  18.  They  were  stored  in 
bushel  crates,  6  bushels  being  used  in  each  case,  and  were  examined 
November  26  to  December  2  by  the  "seven-sample"  method.  No  dis- 
tinct effect  on  keeping  quality  from  resanding  was  revealed. ^  These  plots 
yielded  as  well  as  the  surrounding  bog  until  1916.'  Table  10  shows  how 
since  1915  their  average  productiveness  has  fallen  below  that  of  their 
checks.  The  last  five  years  these  plots  have  been  more  thinly  vined  than 
the  surrounding  bog. 

1  Identified  by  W.  L.  McAtee  of  the  Bureau  of  Biological  Suxvey. 

2  Mass.  Agr.  Expt.  Sta.,  Bui.  No.  180, 1917,  p.  219,  Table  18;  Bui.  No.  192, 1919,  p.  134,  Table  14. 

3  Mass.  Agr.  Expt.  Sta.,  Bui.  No.  168,  1916,  p.  27,  Table  15. 
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Table  11. 


Sanding  Plots  in  1920,     Effect  of  Resanding  on  Keeping 
Quality  of  Cranberries. 


Plots  and  Checks. 

Area 
(Square 
Rods). 

Resanded. 

Percentage 
of  Berries 
showing 
Decay  at 
End  of 
Storage. 

V, 

V  (check  1), 

V  (check  2), 

V  (check  3), 
O, 

O  (check  1), 
0  (check  2), 
0  (check  3), 

9 
9 
6 
9 
9 
6 
6 
9 

Not  since  1909 

Spring  of  1912,  fall  of  1914,  spring  of  1917  and 

spring  of  1919. 
Spring  of  1912,  fall  of  1914,  spring  of  1917  and 

spring  of  1919. 
Spring  of  1912,  fall  of  1914,  spring  of  1917  and 

spring  of  1919. 
Not  since  1909, 

Fall  of  1911,  fall  of  1914,  spring  of  1917  and 

spring  of  1919. 
Fall  of  1911,  fall  of  1914,  spring  of  1917  and 

spring  of  1919. 
Fall  of  1911,  fall  of  1914,  spring  of  1917  and 

spring  of  1919. 

15.63 
14.85 
13.85 
17.41 
13.  M 
18.83 
17.28 
12.86 

Table  12.  —  Productiveness  of  Sanding  Plots  V  and  0  from  1916  to  1920, 

inclusive. 


Resanded. 

Yields  per  Square  Rod  (Bushels). 

Plots  and 
Checks. 

1916. 

1917. 

1918. 

1919. 

1920. 

Aver- 
age, 
1916-20. 

Aver- 
age, 
1912-15. 

V,    .        .        . 

V   (checks),     . 
O,    .        .        . 
0  (checks). 

Not  since  1909, 
Four  times  since  1909, 
Not  since  1909, 
Four  times  since  1909, 

.93 
1.39 

.93 
1.24 

.60 
.65 
.63 
.63 

1.59 
2.37 
1.39 
1.95 

.24 
.16 
.19 
.15 

1.22 
1.41 
1.07 
1.19 

.92 
1.20 

.84 
1.03 

1.250 
1.052 

.864 
.895 

Relation  of  Weather  to  Cranberry  Flooding  Injury. 

The  station  bog  began  the  season  of  1919  with  fair  prospects,  the  vines 
having  a  good  supply  of  blossom  buds.  Partly  to  check  the  fireworm  and 
partly  as  a  test  treatment  of  the  "rosebloom"  disease  (Exobasidium 
oxy cocci),  it  was  flooded  the  night  of  June  16,  the  water  being  held  about 
forty-eight  hours.  A  day  or  two  after  the  water  was  let  off,  most  of  the 
buds  were  found  to  have  been  killed  by  it.  This  was  puzzling,  as  the  bog 
had  been  flowed  "with  the  vines  in  the  same  stage  of  growth  in  previous 
years  ■without  material  harm.  Very  hot  weather  had  accompanied  some 
of  the  former  June  floodings,  the  water  temperature  sometimes  reaching 
86°  F.  As  the  first  day  of  this  flooding  (June  17)  was  cloudy  and  the 
second  (the  18th)  was  not  very  warm,  the  injury  hardly  could  have  been 
due  to  temperature  alone. 

The  writer  tried  in  every  way  to  find  the  cause  of  the  disaster.    The 
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effects  of  that  June's  floodings  on  many  other  bogs  were  investigated,  and 
it  was  found  that  no  notable  injury  had  resulted  anywhere  except  on  bogs 
that  had  been  under  water  June  17.  That  day's  flooding  had  done  much 
harm  in  all  the  five  other  cases  found.  It  seemed,  therefore,  that  there 
was  something  peculiarly  harmful  about  the  weather  of  the  17th.  As  that 
day  had  been  darkly  cloudy,  comparative  experiments  in  immersing  vines 
in  water  under  shade  and  in  sunshine  suggested  themselves.  Many  such 
tests  were  made,  pieces  of  cranberry  turf  with  the  vines  being  submerged 
in  some  cases  in  tubs  and  in  other  cases  in  a  pond.  These  tests  took  place 
in  late  June  and  in  July,  the  first  vines  being  budded  and  partly  in  blossom, 
and  the  last  lots  with  the  bloom  gone  and  bearing  small  berries.  The 
immersion  periods  ranged  from  two  to  four  days.  The  degree  of  shade 
over  the  shaded  lots  varied  in  the  different  experiments,  but  in  no  case 
did  the  light  seem  reduced  as  much  as  it  is  on  a  real  cloudy  day.  In  all 
these  tests  the  tender  parts  of  the  shaded  vines  were  much  hurt  by  the 
submersion,  while  the  vines  immersed  without  shading  were  injured  little, 
the  contrast  between  the  shaded  and  unshaded  vines  in  the  tests  in  which 
the  shade  was  heaviest  being  striking. 

The  uniform  result  of  these  experiments  seems  ample  proof  that  the 
continued  reduction  of  light  by  cloudiness  is  harmful  to  cranberry  vines 
under  water  during  their  rapid  summer  growth.  This  being  so,  dark 
swamp  water  is  more  likely  to  do  harm  than  clear  water,  for  it  reduces 
the  light  reaching  the  plants  more;  also  deep  flooding  must  be  worse  than 
shallow,  for  the  deeper  the  water  the  more  light  is  cut  off.  These  con- 
clusions accord  with  effects  of  cranberry  flowage  commonly  observed. 
Bogs  flooded  with  dark  water  are  oftener  hurt  than  others,  and  whenever 
a  bog  is  hurt  either  by  late  holding  of  the  winter  water  or  by  reflooding, 
the  parts  most  deeply  submerged  suffer  most. 

Dr.  H.  F.  Bergman  of  the  Bureau  of  Plant  Industry  determined  from 
time  to  time  the  oxygen  content  of  the  water  used  in  the  immersion  experi- 
ments in  tubs.  In  his  papers  on  this  work  lately  published,  ^  he  gives 
what  is  probably  the  true  explanation  of  the  harmful  effect  of  shading,  by 
cloudiness  or  otherwise,  in  summer  cranberry  flooding.  Apparently  the 
injury  is  due  to  drowning  of  the  more  rapidly  growing  parts  of  the  plant, 
the  oxygen  in  the  water  being  reduced  below  the  respiratory  needs  of  these 
parts  too  long. 

As  Dr.  Bergman  shows,  photosynthesis  tends  to  keep  up  the  oxygen 
content  of  a  bog  flowage.  One  has  only  to  see  the  many  bubbles  of  oxygen 
that  form  on  the  leaves  of  the  flooded  vines  in  clear  summer  weather  to 
appreciate  this.  As  photosynthesis  depends  on  light,  cloudiness  greatly 
reduces  it  or  stops  it  entirely.  On  the  other  hand,  respiration,  the  process 
that  uses  up  oxygen,  goes  on  without  regard  to  hght.  Apparently  for  this 
reason  cloudy  weather  is  much  more  dangerous  than  clear  weather  for 
flooding  the  bogs  in  their  season  of  active  growth.    The  days  of  the  June 

»  Ann.  Rept.  Cape  Cod  Cranb.  Gr.  Assoc,  1919-20,  pp.  19-30.  Amer.  Journ.  of  Bot.,  1:  50- 
58,  January,  1921. 
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floodings  are  about  the  longest  in  the  year.  In  clear  weather  they  allow 
photosynthesis  to  go  on  about  fifteen  hours  of  the  twenty-four,  the  oxygen 
in  the  water  thus  being  replenished  three-fifths  of  the  time. 

From  what  is  known  about  the  effect  of  temperature  with  other  species, ' 
a  rise  of  18°  F.  must  more  than  double  the  rate  of  respiration  in  the  new 
growth  of  cranberry.  Therefore  a  combination  of  very  cloudy  weather 
with  a  high  water  temperature  seems  especially  dangerous  in  the  flooding 
of  actively  growing  vines;  for,  while  the  stopping  of  photosynthesis  allows 
the  oxygen  in  the  water  to  become  much  reduced,  the  high  temperature 
greatly  increases  the  need  of  the  plants  for  oxygen.  This  was  the  weather 
combination  of  June  17.  As  already  stated,  the  day  was  darkly  cloudy. 
It  was  also  warm  for  a  cloudy  day,  the  temperature  at  the  station  bog 
reaching  77°  F.;  also,  as  the  14th,  15th  and  16th  had  been  warm  days 
with  warm  nights,  the  water  must  have  become  quite  warm  before  it  was 
put  on  the  bog.  That  warm  water  is  not  notably  harmful  in  cranberry 
flooding  in  clear  weather  is  explained  by  the  fact  that  a  rise  in  tempera- 
ture, with  hght  abundant,  increases  the  rate  of  photosynthesis  almost  as 
much  as  that  of  respiration. ^ 

Watee  Injukies  to  Ceanberey  Buds. 

When,  in  flooding,  cranberry  blossom  buds  are  hurt  by  drowning  (lack 
of  oxygen)  they  usually  are  either  entirely  killed,  the  whole  bud  turning 
brown  and  never  opening,  or  they  are  injured  only  on  one  side,  in  which 
case  the  point  of  the  bud  soon  bends  toward  the  hurt  side,  and  one  or  two 
lobes  of  the  corolla  commonly  turn  brown.  When  but  one  side  of  the  bud 
is  hurt  it  usually  opens  to  form  an  imperfect  blossom,  but  rarely  develops 
a  berry.  ^  When  this  drowning  injury  occurs  it  is  severest  in  the  deepest 
water  and  on  the  sides  of  the  ditches. 

Another  bud  injury  was  observed  in  1919  in  connection  with  the  flood- 
ing of  three  bogs  located  near  together.  The  berries  on  these  bogs  are 
Early  Black,  and  the  water  for  flooding  them  all  has  the  same  source.  All 
three  bogs  were  flooded  before  sunrise  June  12.  The  water  was  let  off  the 
two  lower  ones  on  the  night  of  June  13,  the  flooding  having  lasted  about 
forty-two  hours  and  both  days  having  been  clear.  The  night  of  June  13 
was  cold,  the  temperature  at  near-by  bogs  falling  to  33°  F.  The  water  on 
the  upper  bog  was  held  imtil  the  night  of  June  14,  the  flooding  period  being 
about  seventy-two  hours. 

These  bogs  were  examined  a  few  days  later.  Most  of  the  buds  on  the 
two  lower  ones  showed  a  peculiar  injury,  their  tips  having  turned  dark 
red  or  blackish  and  having  opened  somewhat.    In  this  condition  they  had 

1  Van't  Hoff:  Studies  in  Chemical  Dynamics,  trans,  by  Ewan,  1896,  p.  126.  Kuijper:  Rec. 
Trav.  Bot.  N6erl.,  7:  131-239,  1910.  Gore:  U.  S.  Dept.  Agr.,  Bur.  of  Chem.,  Bui.  No.  142,  1911, 
pp.  5-28. 

2  Matthaei;  Phil.  Trans.  Roy.  Soc,  B,  197:  47-105, 1905. 

'  As  might  be  expected,  for  the  pistil  respires  faster  than  any  other  part  of  the  flower.  Maige : 
Ann.  Sci.  Nat.,  Bot.,  Ser.  9,  14:  1-62,  1911. 
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a  distinctive  appearance,  with  none  of  the  marks  of  drowning  injury. 
Many  of  the  buds  on  the  upper  bog  (where  the  water  was  held  for  seventy- 
two  hours)  showed  drowning  injury,  but  none  looked  like  those  hurt  on 
the  other  bogs.  These  bogs  were  examined  again  late  in  August,  and  the 
lower  ones  (where  the  water  was  held  forty-two  hours)  had  Uttle  fruit,  the 
crop  being  plentiful  only  in  low  places  and  along  the  ditches.  On  the  other 
bog  the  crop  was  heaviest  on  the  high  parts. 

The  buds  on  the  lower  bogs  may  have  been  hurt  by  exposure  to  the  cold 
when  the  water  was  let  off,  though  no  frost  was  seen  in  the  vicinity  that 
night.  The  fact  that  the  buds  were  hurt  less  in  the  low  places,  as  evinced 
by  the  heavier  fruiting  there,  shows  that  the  water  tended  to  prevent  the 
injury. 

Blueberry  Work. 

To  control  the  gypsy  moth,  different  parts  of  the  blueberry  plantation 
w;ere  sprayed  on  June  3, 1919,  with  these  mixtures:  — 

1.  Three  pounds  of  lead  arsenate  powder  to  50  gallons  of  water. 

2.  Three  pounds  of  lead  arsenate  powder  and  2  pounds  of  Good's  Caustic  Potash 
Fish-oil  Soap  No.  3  to  50  gallons  of  water. 

Both  sprays  killed  the  worms,  but  the  one  with  soap  burned  the  foliage 
and  blossom  buds  badly. 

No  budding  was  done  in  1919  because  of  a  lack  of  good  sprouts  to  bud 
into,  but  in  1920  it  was  done  as  follows:  — 

Pioneer  (620A)  variety,  82  buds. 
Cabot  (834A)  variety,  208  buds. 

Gypsy-moth  caterpillars  showed  a  special  fondness  for  the  growth  from 
inserted  buds,  giving  so  much  trouble  that  it  seemed  impossible  to  continue 
the  work,  until  it  was  found  that  the  caterpillars  were  stopped  by  tree 
tanglefoot  around  the  bases  of  the  sprouts. 

Sixty-eight  small  Pioneer  plants  from  the  Bureau  of  Plant  Industry 
were  added  to  the  station  planting,  2  in  1919  and  66  in  the  spring  of  1920. 

The  drainage  of  the  plantation  was  improved  by  new  construction  in 
1920. 

The  plantation  produced  98  quarts  of  berries  in  1919,  and  147  in  1920, 
the  bearing  area  being  about  a  quarter  of  an  acre.  The  fruit  was  sold 
locally  at  moderate  prices.  Most  of  the  bearing  plants  are  imtested 
seedlings  (four  years  old  in  1920)  provided  by  the  Bureau  of  Plant  In- 
dustry. A  few  of  these  seem  promising,  —  one  in  1919  yielding  over  2 
quarts  of  berries  which  averaged  about  15  mm.  in  diameter,  the  largest 
measuring  18  mm.  The  largest  berries  from  the  plantation  in  1920  were 
20  mm.  (about  eight-tenths  of  an  inch)  through. 

The  proper  development  of  the  blueberry  work  and  of  the  cranberry 
variety  work  requires  several  additional  acres  of  rough  land,  and  an  early 
appropriation  should  be  made  for  it. 
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Lucy  M.  Queal,  Assistant  Supervisor,  State  Home  Demonstration  Projects. 
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1  Employed  co-operatively  by  the  United  States  Department  of  Agriculture  and  the  College 

2  Resigned  during  year. 
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Extension  Sehvice  Staff  in  the  Cotjnties, 

[Those  whose  names  are  starred  are  employed  co-operatively  by  the  United  States  Department 
of  Agriculture,  the  Massachusetts  Agricultural  College  and  the  county.  The  others,  while  re- 
ceiving no  Federal  or  State  funds,  are  giving  the  major  part  of  their  time  to  the  co-operative  proj- 
ects which  make  the  Extension  program.] 

Barnstable  County. 
*Lawrence  B.  Boston,  County  Agricultural  Agent. 
*Verna  Payson,  County  Home  Demonstration  Agent. 
*Dorothy  Pierce,  County  Club  Leader. 

Berkshire  County. 
*Frank  a.  Carroll,  County  Agricultural  Agent. 
*Pearl  G.  Grant,  i  County  Home  Demonstration  Agent. 
*Edward  S.  Russell,  County  Club  Agent. 
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George  H.  Gilbert,  Director,  Bristol  County  Agricultural  School. 
*Warren  L.  Ide,  County  Agricultural  Agent. 
*Flora  a.  Miller,  County  Home  Demonstration  Agent. 
*Ed'win  R.  Wteth,  County  Club  Agent. 

Essex  County. 
Fred  A.  Smith,  Director,  Essex  County  Independent  Agricultural  School. 
*RoBERT  M.  Stiles,  County  Agricultural  Agent. 
*Alice  J.  BuNCE,  County  Home  Demonstration  Agent. 
*Stanley  W.  DeQuoy,  County  Club  Agent. 

Franklin  County. 
*JosEPH  H.  Putnam,  County  Agricultural  Agent. 
*Vera  Smith,  County  Home  Demonstration  Agent. 
*Paul  E.  Alger,  County  Club  Agent. 
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RoscoE  C.  Edlund,  Managing  Director. 

William  H.  Wolff,  County  Horticultural  Agent. 
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*MiNNiE  Price,  ^  County  Home  Demonstration  Agent. 
*Otis  E.  Hall,  County  Club  Agent. 

Ernest  E.  Batchelder,  Office  Manager. 

Gertrude  Franz,  Holyoke  Home  Demonstration  Agent. 

Hampshire  County. 
*RoLAND  A.  Payne,  County  Agricultural  Agent. 
*Mrs.  Arthur  P.  French,  '  County  Home  Demonstration  Agent. 
*Bena  Erhard,  County  Club  Agent. 

1  Resigned  Nov.  15,  1921.        2  Resigned  Sept.  12,  1921.        3  Appointed  Nov.  15,  1921. 
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Middlesex  County. 

Fred  D.  Gbiggs,  Managing  Director. 
*C.  Btjrritt  Tillson,  County  Agricultural  Agent. 
*Elizabeth  Hendry,  i  County  Home  Demonstration  Agent. 
♦Robert  P.  Tbask,  County  Club  Agent. 

George  E.  Erickson,  Assistant  County  Club  Agent. 

Marion  E.  Forbes,  Assistant  County  Club  Agent. 

Norfolk  County. 

E.  H.  Gilbert,  Director,  Norfolk  County  Agricultural  School. 
♦Herbert  A.  Rose,  County  Agricultural  Agent. 
♦Frances  J.  Brainerd,  ^  County  Home  Demonstration  Agent. 
♦John  Dizer,  County  Club  Agent. 

Susan  Rottndy,  Assistant  County  Club  Agent. 

Plymouth  County. 
♦Warren  S.  Baker,  County  Agricultural  Agent. 
♦Mary  S.  Dean,  County  Home  Demonstration  Agent. 
♦Annie  L.  Burke,  County  Club  Agent. 

Worcester  County. 
♦George  F.  E.  Story,  County  Agricultural  Agent. 

Leonard  C.  Midglby,  County  Horticultural  Agent. 
♦Mildred  C.  Thomas,  County  Home  Demonstration  Agent. 
♦Glenn  S.  Carruth,  County  Club  Agent. 

Mrs.  Irene  Wilcox,  Assistant  County  Club  Agent. 

Mrs.  Helen  D.  Lane,  Clothing  Specialist. 

Miss  Edith  Bennett,  Recreation  Leader. 

Mrs.  Florence  Wright,  Assistant  Home  Demonstration  Agent. 

1  Appointed  Nov.  1,  1921.  2  Resigned  Oct.  19,  1921. 
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Because  of  the  efforts  of  the  Commonwealth  in  the  direction 
of  economy,  it  seems  unwise  to  present  this  year  a  report  with 
much  detail  concerning  project  work.  Staff  conditions,  im- 
portant developments,  tendencies,  needs  and  a  financial  report 
are  the  only  matters  contained  herein. 

Careful  Planning  has  resulted  in  More   General 
Acceptance  of  Improved  Methods. 

The  Extension  work  of  the  past  year  has  been  characterized 
by  more  carefully  defined  projects  and  plans  of  work,  more 
intensive  efforts  in  fewer  fields,  more  work  with  groups  and 
less  with  individuals,  more  careful  appraisal  of  values  resulting 
from  time  and  money  spent,  and,  most  important  of  all,  more 
farmers  and  home-makers  teaching  in  their  localities  by  means 
of  co-operative  demonstrations.  Our  work  is  based  on  the 
conviction  that  farmers  and  home-makers,  with  adequate  sup- 
port of  county  agents  and  specialists,  are  the  best  Extension 
teachers,  and  are,  in  the  main,  best  qualified  to  determine  the 
subjects  in  which  teaching  is  most  needed.  The  task  of  the 
Extension  Service,  therefore,  becomes  increasingly  one  of  find- 
ing the  most  successful  men  in  the  business  of  farming,  and 
women  in  the  business  of  home-making,  assisting  them  to  per- 
fect their  practices,  training  them  in  methods  of  informal 
teaching,  and  organizing  the  attention  of  the  community  to 
them  and  their  demonstrations.  It  is  also  noted  that  such 
teaching  is  effective  proportionately  as  communities  have 
themselves  determined,  in  consultation  with  the  county  staffs, 
what  demonstrations  were  needed,  and  from  such  discussions 
have  decided  to  support  a  program  of  their  own  making.  It 
is  hardly  too  much  to  predict  that  next  year  will  see  almost 
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the  entire  Extension  program  built  on  the  analysis  of  com- 
munity needs  by  the  men  and  women  most  affected,  guided 
always  by  the  counsel  of  the  county  and  college  Extension 
workers,  and  involving  the  teaching  efforts  of  hundreds  of 
men,  women,  boys  and  girls. 

These  elements  indicate  the  magnitude  and  importance  of 
Extension  work.  It  is  not  a  program  predetermined  by  paid 
agents  and  superimposed  on  the  State;  it  is  an  intelligent  and 
democratic  effort  of  the  average  citizens  in  our  communities 
to  effect  changes  toward  better  farm  and  home  practice,  with 
resultant  prosperity,  opportunity  and  happiness.  The  effort  is 
to  get  general  adoption  of  the  methods  which  have  proved  most 
successful,  and  which  are  already  being  followed  by  the  more 
progressive.  It  is  evident  that  no  paid  staff  could  be  large 
enough  or  uniformly  acceptable  enough  to  accomplish  this  by 
the  direct  teaching  of  all  farmers.  The  time  and  abilities  of 
the  college  and  county  staffs  must  be  given  to  training  demon- 
strators and  creating  nuclei  of  sound  practice  in  all  parts  of 
the  State.  The  quickness  of  ultimate  acceptance  of  their 
practices  will  come  in  direct  proportion  to  the  number  and 
effectiveness  of  the  co-operating  demonstrators.  Probably  it  is 
safe  to  say  that  no  funds  expended  by  the  State  give  such  far- 
reaching  dividends  in  education  as  those  used  in  support  of  this 
co-operative  Extension  system. 

The  Extension  Staff. 

The  staff,  both  at  the  college  and  in  the  counties,  has  changed 
less  during  the  year  just  closed  than  during  the  preceding 
year.  No  great  change  has  come  in  the  list  of  specialists  or  of 
county  agricultural  agents.  Few  changes  have  occurred  in  the 
list  of  Junior  Extension  and  club  agents. 

The  home  economics  work  has,  however,  suffered  much  more 
severely  than  the  other  branches.  Three  State  leaders  in  suc- 
cession, and  nine  county  home  demonstration  agents,  have 
been  replaced.  Miss  Marie  Sayles,  acting  State  leader,  left 
in  February  to  become  State  leader  of  home  demonstration 
agents  in  Ohio;  Miss  Laura  Comstock,  absent  on  leave,  re- 
signed to  take  charge  of  nutrition  work  for  the  Eastman  Kodak 
Company;    Mrs.  Harriet  J.   Haynes,  formerly  a  specialist  on 
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the  staff,  took  charge  as  acting  State  leader  during  the  interval 
between  the  departure  of  Miss  Sayles  and  the  arrival  of  Miss 
Reynolds  in  September.  With  the  close  of  the  year,  however, 
work  is  developing  well  and  prospects  are  bright,  for  all  va- 
cancies in  the  home  demonstration  list  have  been  filled  and  all 
but  one  of  the  new  agents  will  be  able  to  attend  the  annual 
conference  in  December. 

The  Demonstration  Method. 

The  nature  and  manner  of  effort  in  Extension  work  are  the 
most  significant  factors  of  the  year.  In  1920  the  average 
number  of  meetings  per  county  as  reported  by  the  county 
agent  was  91,  with  an  average  county  total  attendance  of 
3,620.  In  1921  the  number  of  meetings  per  county  was  200, 
with  an  average  county  total  attendance  of  5,700.  In  1920 
the  average  number  of  demonstrations  per  county  was  46;  in 
1921  it  was  77.  These  figures,  together  with  the  narrative  re- 
ports of  the  county  agents,  indicate  that  the  increase  in  the 
number  of  meetings  parallels  the  increase  in  the  number  of 
demonstrations.  More  meetings  were  held  at  demonstrations; 
fewer  in  halls.  This  is  evidence  that  more  dependence  is  placed 
on  what  those  in  attendance  at  a  demonstration  meeting  can 
see,  and  less  on  what  they  can  hear.  The  result  of  the  change 
is  very  satisfactory,  indeed,  and  indicates  that  the  demonstra- 
tion method  of  teaching  is  meeting  the  test. 

More  is  now  asked  of  our  county  agents  than  they  can  pos- 
sibly do,  and  the  same  is  true  of  the  specialists.  It  is,  there- 
fore, increasingly  necessary  to  make  a  selection  of  work,  ex- 
pending time  and  funds  on  the  kind  of  activity  which  will 
result  in  the  greatest  advance  by  the  greatest  numbers.  Dem- 
onstrations and  demonstration  meetings  are  reaching  a  much 
larger  group  than  could  be  influenced  by  the  same  amount  of 
time  and  effort  spent  in  calls  at  individual  farms. 

We  also  note  that  the  type  of  demonstrations  is  changing. 
When  work  first  began,  the  manipulative  demonstration,  as  of 
pruning  or  culling,  was  the  only  kind  recognized.  Such  dem- 
onstrations might  last  ten  minutes  or  a  day,  but  were  con- 
sidered as  complete  with  the  close  of  the  specific  operation 
which  was  being  demonstrated. 
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To-day  less  thought  is  given  to  demonstrations  of  this  kind. 
Instead,  the  effort  is  to  demonstrate  the  entire  practice  with 
reference  to  a  particular  crop  or  product.  Instead  of  demon- 
strating pruning  we  have  demonstrations  in  orchard  manage- 
ment, involving  not  only  the  act  of  pruning  and  the  system  of 
pruning,  but  also  the  whole  process  of  orchard  planting,  culti- 
vation, fertilization,  pruning,  spraying,  thinning,  harvesting  and 
selling.  The  same  is  true  in  our  poultry  work;  while  we  still 
give  culling  demonstrations,  the  effort  is  to  get  economic 
management  demonstrations  involving  not  only  the  culling  of 
the  flock,  but  the  whole  annual  cycle  of  breeding,  incubation, 
brooding,  rearing,  disease  control  and  prevention,  and  general 
flock  management,  in  the  program.  This  means  that  the 
farmer  is  the  demonstrator,  rather  than  the  specialist  or  county 
agent.  The  method  or  system  demonstrated  has  to  make  its 
way  under  the  practical  operation  by  a  farmer  and  under  the 
critical  eye  of  his  neighbors.  It  has  to  meet  the  acid  test  of 
sound  farm  practice,  and  proving  itself  under  farm  conditions, 
it  becomes  a  part  of  the  farming  methods  of  the  progressive 
farmers  of  the  community. 

Differentiation  of  Work. 

When  county  agent  work  began  it  was  natural  that  county 
agents  and  specialists  did  much  the  same  kind  of  things. 
Their  work  has  now  become  differentiated. 

The  task  of  the  specialist  is  to  provide  up-to-date  subject- 
matter  in  usable  form;  to  reinforce  the  county  agent  in  sub- 
ject-matter accuracy;  to  train  leaders  and  demonstrators;  to 
reinforce  the  county  agent  at  important  meetings  and  schools; 
and  to  do  the  types  of  work  which  only  a  specialist,  thoroughly 
grounded  in  his  subject-matter,  can  do. 

The  work  of  the  county  agent  has  become  that  of  getting 
intimate  knowledge  of  the  county  and  its  needs;  locating  the 
key  men  in  each  branch  of  agriculture;  helping  these  men  to 
perfect  their  practices;  focusing  attention  on  their  work;  or- 
ganizing and  directing  the  county  educational  program  to  use 
the  demonstrations  for  meeting  the  county's  particular  needs; 
and  acting  as  counsellor  for  as  many  individuals  as  time  will 
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permit.  Personal  counsel  and  farm  visits  will  never  be  done 
away  with;  but  they  must  be  used  for  wider  benefit  than  to 
the  individual  visited. 

Relation  with  Other  Branches  of  the  College. 
Much  Extension  teaching  service  has  been  given  by  the 
Experiment  Station  staff  and  by  the  resident  teaching  faculty. 
Much  value  has  resulted  to  both  the  station  and  the  college 
from  the  contact  which  resident  men  have  had  with  the  farms 
of  the  State.  It  is  desirable,  also,  that  Extension  men  shall 
keep  in  touch  with  both  the  results  of  research  and  the  methods 
involved  in  resident  teaching.  Formerly  such  work  was  un- 
organized and  was  often  undertaken  as  an  emergency  favor. 
It  is  now  being  organized  so  that  the  Extension  work  of  station 
and  resident  teaching  men  is  done  on  a  definite  project  basis, 
and  so  that  the  effort  of  Extension  men  in  research  and  in 
teaching  may  be  organized  to  get  the  most  desirable  results. 

The    County    Extension    Service    replaces    the    County 

Farm  Bureau. 

When  county  Extension  work  was  first  organized  in  Massa- 
chusetts the  county  farm  bureau  was  the  local  agency  recog- 
nized in  Massachusetts  law.  These  farm  bureaus  were  entirely 
educational  in  nature,  and  came  into  being  in  order  to  support 
and  make  possible  Extension  teaching.  When  the  so-called 
anti-aid  amendment  was  enacted  by  the  Legislature,  it  was 
necessary  to  find  some  purely  public  agencies  to  replace  the 
county  farm  bureau,  which,  because  of  its  quasi-private  char- 
acter, could  no  longer  administer  public  funds.  The  Trustees 
for  County  Aid  to  Agriculture  were  organized  for  this  purpose. 
When  these  boards  of  trustees  took  office  the  farm  bureaus, 
either  avowedly  or  tacitly,  went  into  seclusion  and  transferred 
their  good  will,  assets,  staff  and  programs  of  work  to  the 
Trustees  for  County  Aid  to  Agriculture.  Because  the  name 
"farm  bureau"  had  earned  an  educational  good  will,  the  work 
of  the  trustees  continued  to  be  known  as  farm  bureau 
work. 

With  the  organization  of  the  American  Farm  Bureau  Fed- 
eration, and  its  entrance  into  the  fields  of  legislation  and  busi- 
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ness,  the  name  farm  bureau  came  to  have,  in  other  parts  of  the 
country,  a  meaning  quite  different  from  that  which  it  had  in 
Massachusetts.  The  Massachusetts  county  farm  bureaus  re- 
habihtated  themselves;  and  they  also  entered  the  field  of  or- 
ganized activities  in  behalf  of  agriculture.  The  use  of  the 
name  farm  bureau  in  connection  with  the  Extension  program 
became  a  liability  rather  than  an  asset.  The  organizations 
were  separate  in  fact,  but  in  the  minds  of  the  people  no  dis- 
tinction was  made.  It  has  therefore  become  necessary  to  carry 
on  a  persistent  campaign  of  education  in  order  that  people 
may  understand  — 

1.  That  the  original  farm  bureaus  were  educational  in 
nature. 

2.  That  the  Extension  work  which  they  initiated  is  now 
carried  forward  by  the  Trustees  for  County  Aid  to  Agriculture, 
acting  under  the  descriptive  title  of  the  county  Extension 
Services. 

3.  That  the  farm  bureaus  at  the  present  time  are  private, 
voluntary  membership  organizations,  and  as  such  have  no 
control  whatever  over  the  county  Extension  Services. 

4.  That  the  State  Extension  program  is  the  joint  program 
of  the  Extension  Services  at  the  Massachusetts  Agricultural 
College  and  the  Extension  Services  maintained  in  the  counties 
by  the  various  boards  of  Trustees  for  County  Aid  to  Agriculture. 

It  is  also  worthy  of  note  that  relations  with  other  State 
and  county  agencies  are  cordial  and  co-operative.  Every  ef- 
fort is  being  made  to  define  programs  of  work  and  discuss 
possible  overlapping  of  efforts  with  these  other  agencies.  It  is 
increasingly  evident  that  Smith-Hughes,  or  vocational  work, 
and  Smith-Lever,  or  Extension  work,  occupy  separate  fields, 
with  only  a  slight  marginal  overlapping;  also  that  in  function 
there  should  be  the  closest  co-operation  and  frequent  inter- 
changes of  service  between  these  two  staffs. 

The  county  and  State  Extension  staffs  work  as  a  united 
organization  on  a  unified  educational  program.  The  Exten- 
sion program  for  the  year  is  co-ordinated  at  a  joint  meeting  of 
State  and  county  staffs  annually  in  December.  The  director's 
office  tries  to  have  either  the  director  or  a  personal  representa- 
tive from  the  college  staff  attend  each  monthly  meeting  of  the 


1923.]  PUBLIC   DOCUMENT  —  No.  31.  15 

boards  of  Trustees  for  County  Aid  to  Agriculture;  he  presents 
any  matters  of  policy  that  require  the  attention  of  the  county 
trustees,  and  reports  any  action  of  the  county  meetings  that 
bears  on  the  Extension  program,  at  the  following  weekly  staff 
meeting  at  the  college.  To  assure  complete  co-ordination  even 
on  details  of  service  and  information,  a  carbon  copy  of  any 
letter  answering  a  request  for  information  from  any  resident  of 
a  county  is  sent  to  the  county  agent. 

The  Emergence  of  Junior  Extension  Club  Leaders. 

An  important  tendency  in  the  Junior  Extension  work  is  the 
increasing  thought  on  the  part  of  State  and  county  club 
leaders  for  the  continuance  of  the  educational  work  after  the 
club  age  has  been  passed.  A  program  of  work  for  the  inter- 
mediate ages  has  been  carefully  worked  out  and  is  being  suc- 
cessfully applied  in  some  counties.  The  older  boys  and  girls 
are  being  encouraged  to  join  adult  instruction  groups,  to  carry 
farm  or  home  demonstrations,  and  to  become  leaders  of  the 
younger  boys  and  girls  in  local  clubs.  Some  of  the  most  satis- 
factory club  leaders  have  been  developed  from  former  club 
members,  and  that  promises  to  be  a  continuing  tendency. 
The  summer  camp  for  the  most  successful  junior  club  members 
makes  an  admirable  training  school  for  future  club  leaders; 
a  large  proportion  of  attendants  at  the  last  camp  are  taking 
their  places  as  leaders  of  local  clubs. 

The  Correspondence  Course  Situation. 
Correspondence  courses  were  among  the  earliest  efforts  of 
the  Extension  Service.  Many  hundreds  of  people  were  given 
instruction  from  the  college  through  these  courses  before  there 
were  county  agents  or  specialists  and  before  farm  or  home 
demonstrations  were  organized.  Later  types  of  Extension 
work,  particularly  farm  and  home  demonstrations,  have  les- 
sened the  emphasis  upon  the  direct  personal  service  of  instruc- 
tion. The  home  economics  course  once  reached  nearly  three 
hundred  women  a  year,  and  before  the  days  of  home  demon- 
stration agents  and  home  economics  specialists  the  one  Ex- 
tension professor  in  home  economics  spent  a  large  part  of  her 
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time  forming  and  leading  home  study  groups  in  home  economics. 
To-day  speciahsts  and  county  agents  carry  instruction  of 
another  type  to  similar  groups,  and  the  correspondence  course 
has  been  permitted  to  lapse  as  a  method  of  home  economics 
instruction.  Nevertheless,  there  are  many  women  in  the  State 
who  cannot  be  reached  by  demonstrations  and  group  meetings 
who  could  profitably  use  a  systematic  course  in  home  economics 
and  would  gladly  pay  the  cost  of  instruction. 

In  the  agricultural  courses  enrollment  has  been  maintained 
among  people  who  are  not  in  a  position  to  follow  farm  demon- 
strations. Elementary  instruction  in  farm  management  is 
provided,  as  well  as  detailed  specific  lessons  in  soils  and  fer- 
tilizers, feeding  farm  animals,  vegetable  growing,  floriculture, 
orcharding,  forestry  and  other  agricultural  subjects.  Many  of 
the  courses  approach  college  grade  work;  a  few  parallel  in- 
struction in  the  four-year  work. 

It  is  planned  to  increase  the  fee  so  that  the  courses  will  be 
on  a  self-supporting  basis.  With  the  increased  charge  comes 
added  obligation  to  maintain  a  high  grade  of  instruction  and 
up-to-date  subject-matter.  All  but  two  of  the  fifteen  courses 
have  been  rewritten  or  revised  within  the  year.  The  other 
courses  will  be  withdrawn  until  they  can  be  revised,  and  will 
probably  be  offered  with  the  opening  of  the  next  correspondence 
course  term. 

Many  difficulties  to  efficient  instruction  are  presented  by  the 
totally  inadequate  provision,  either  of  funds  or  staff,  to  carry 
on  correspondence  course  work.  The  supervisor  of  corre- 
spondence courses  is  also  Extension  editor,  and  his  time  avail- 
able for  correspondence  course  work  is  inadequate  to  care  for 
the  535  students  enrolled  this  year.  It  is  very  difficult  to 
secure  sufficient  time  of  resident  instructors  to  give  the  neces- 
sary personal  instruction  to  correspondence  students  in  these 
courses.  When  a  new  course  is  needed,  it  must  wait  upon  the 
spare  time  of  a  teacher  whose  full  energies  are  used  in  resident 
work.  An  adequate  follow-up  system,  which  the  nature  of  the 
work  demands  for  the  greatest  value  to  the  student,  is  rendered 
impossible  by  the  lack  of  clerical  assistance  to  do  the  work  and 
of  the  time  of  the  supervisor  to  attend  to  it.  Were  it  possible 
to  use  the  revenue  from  the  increased  correspondence  course 
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fees  to  maintain  the  courses  at  a  high  grade,  to  employ  emer- 
gency clerical  help  when  the  enrollment  made  that  necessary, 
and  to  secure  at  least  two  half-time  graduate  assistants  to 
give  personal  help  to  students  and  to  accomplish  necessary  re- 
vision of  courses,  correspondence  courses  at  M.  A.  C.  would 
be  of  more  service  to  more  people  than  they  are  at  present. 

Results  of  Reduced  Appeopriations. 

The  State  appropriation  for  Extension  work  for  1921  was 
12.8  per  cent  less  than  that  for  the  year  1920.  Not  only  were 
our  State  funds  reduced,  but  our  Federal  funds  were  de- 
creased automatically  by  the  new  census.  As  a  result,  we 
have  been  obliged  to  continue  to  leave  five  former  positions 
unfilled,  employ  none  of  the  workers  urgently  needed  in  some 
of  the  newer  fields,  retard  the  development  of  our  correspond- 
ence courses,  withdraw  from  the  field  of  exhibits  at  the  fall 
fairs,  reduce  the  scope  of  our  Summer  Farmers'  Week,  and 
curtail  work  in  many  minor  details.  As  a  result  of  this  econ- 
omy we  have  finished  the  year  with  a  balance  of  $2.97. 

At  present  our  ability  td  render  effective  service  to  the  people 
of  the  State  is  seriously  crippled.  For  the  preparation  of  Ex- 
tension material  and  the  rendering  of  specialist  service  in  the 
fields  of  rural  engineering,  animal  and  poultry  diseases,  plant 
diseases,  insect  pests,  floriculture,  forestry  and  household 
management  we  have  to  depend  on  resident  teaching  and  the 
Experiment  Station  staffs,  already  overloaded,  or  decline  the 
opportunity  altogether.  Persistent  demands  in  these  fields  in- 
dicate the  need  of  Extension  specialists.  It  is  not  our  belief 
that  multiplication  of  specialists  in  a  single  field  is  either  de- 
sirable or  justifiable;  one  good  specialist  in  each  field  should 
suffice  to  prepare  the  material,  train  and  support  our  county 
agents  and  co-operating  demonstrations,  and  lead  the  Exten- 
sion work  in  his  or  her  field.  It  is  futile,  however,  to  discuss 
any  enlargement  of  staff  unless  adequate  maintenance  funds 
are  given  to  allow  such  staff  members  as  we  have  to  work 
effectively. 
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Need  of  Circulating  Revenue. 
A  part  of  this  diflBculty  would  be  overcome  if  the  Extension 
Service  were  allowed  the  use  of  its  revenues  as  circulating 
funds.  A  much  wider  use  of  our  published  material  would  be 
possible  and  the  increased  service  could  be  made  self-support- 
ing. Illustrative  material  to  support  demonstrations  could  be 
made  and  used  in  much  larger  quantities,  without  increased 
cost  to  the  State;  the  educational  camps  during  the  summer 
could  be  greatly  increased  and  put  on  a  self-supporting  basis; 
the  landscape  work  with  small  towns  and  communities  could 
be  doubled  in  volume;  a  self-supporting  film  library  of  agri- 
cultural material  could  be  built  up;  exhibits  could  be  again 
prepared  and  furnished  at  cost  to  the  organizations  desiring 
them;  and  in  such  special  fields  as  poultry  disease  identifica- 
tion and  prophylaxis  the  staff  could  be  increased  or  decreased 
according  to  need,  with  reduced  cost  to  the  State.  The  Com- 
monwealth is  now  limiting  the  fullest  productivity  of  its  funds 
when  materials  worth  using  can  be  produced  in  limited  quan- 
tities only,  and  cannot  be  further  produced  for  sale  to  those 
who  would  pay  for  them.  It  seems  most  unfortunate  that  the 
college  is  unable,  because  of  these  legislative  restrictions,  to 
give  the  people  of  the  State  an  educational  service  for  which 
they  are  willing  to  pay. 

Immediate  Needs. 
The  principal  needs  of  the  Extension  Service  are  maintenance 
funds  to  make  effective  the  work  of  such  staff  as  we  have, 
and  legislation  to  permit  the  use  of  revenues  in  certain  ac- 
tivities as  revolving  funds.  But  it  is  also  imperative,  in  order 
to  meet  calls  from  the  State  for  the  service  of  the  college,  that 
Extension  specialists  be  secured  in  crop  protection,  rural  en- 
gineering, veterinary  diagnosis  (primarily  for  poultry  diseases) 
and  household  management.  So  great  are  the  demands  for 
diagnostic  service  and  for  advice  in  crop  protection  that,  lack- 
ing Extension  specialists  in  these  fields,  it  has  been  necessary 
for  the  Experiment  Station  investigators  to  give  so  largely  of 
their  time  for  this  service  that  their  research  projects,  through 
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countless  interruptions,  have  been  halted,  and  in  some  cases 
almost  demoralized. 

It  is  significant  that  in  1912  the  then  director  of  the  Ex- 
tension Service  was  urging  the  need  of  a  specialist  in  rural 
engineering.  The  college  is  without  any  adequate  organized 
service  to  assist  farmers  with  problems  of  farm  water  supply, 
sewage  disposal,  heating  system,  lighting,  wiring,  plumbing, 
household  conveniences,  or  farm  machinery.  The  resident 
instructors  give  generously  of  their  time  for  Extension  work  in 
these  subjects,  but  only  by  weakening  other  college  efforts  can 
the  demands  for  Extension  Service  be  met  without  full-time 
specialists  for  the  work. 

Equipment  and  funds  are  needed  to  make  it  possible  to  meet 
increased  needs  for  the  use  of  the  college  plant  during  the 
summer  months  when  the  college  students  are  absent.  Many 
groups  could  be  accommodated  for  farmers'  conventions,  edu- 
cational gatherings  and  for  combined  programs  of  recreation 
and  instruction,  if  tents,  cots,  bedding  and  other  minor  emer- 
gency accommodations  were  available.  It  has  at  times  been 
necessary  to  decline  opportunities  to  serve  important  groups  of 
citizens  on  the  campus  because  the  college  had  no  accommoda- 
tions, even  though  the  visitors  would  have  expected  to  pay 
the  expenses  of  their  entertainment.  Valuable  contacts  have 
been  lost  to  the  college  through  this  lack.  The  fullest  use  of 
the  college  plant  will  not  be  possible  for  the  people  of  the 
State  until  the  college  can  make  provision  for  those  summer 
visitors  who  would  pay  their  own  expenses  for  a  vacation  or  a 
trip  that  offers  elements  of  educational  value  if  the  oppor- 
tunity were  here. 

It  is  hoped,  also,  that  facilities  may  permit  increasing  the 
size  of  the  summer  camp  for  boys  and  girls  who  pay  for  the 
opportunity  to  spend  a  vacation  at  the  college  where  they 
may  combine  instruction  with  supervised  recreation.  There  is 
a  substantial  demand  for  a  camp  to  enroll  many  more  young 
people  than  we  have  at  any  time  taken  care  of  for  the  summer. 
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Financial  Statement. 

Disbursements  and  Receipts.  ^ 


Classification. 

Administration  .... 

Animal  husbandry    .        /        .        . 
Co-operative  marketing    . 
Correspondence  Courses   . 
County  agents'  work 
Clothing  efficiency    .... 

Dairying 

Director's  office  .... 

Entomology 

Exhibits 

Extension  courses  at  college 
Extension  schools      .... 
Farm  management  demonstration   . 

Forestry 

Home  demonstration  agents     . 

Home  economics  specialists 

Home  gardening        .... 

Horticultiiral  manufactures 
Junior  Extension  work 
Landscape  Extension 
Lectures     ...... 

Library  Extension     .... 

Local  community  organization 
Methods  of  Extension  instruction    . 
Nutrition  and  household  management 

Plant  diseases 

Pomology 

Poultry  husbandry   .... 

Printing 

Personal  services       .... 
Rural  engineering      .... 

Soils  and  crops 

State  Treasurer,  account  of  schedules 
Income  to  State  Treasurer 

Less  refunds      ..... 


Disburse- 
ments. 

S4,227  18 

994  00 

1,058  09 

1,310  24 

1,187  65 

424  62 

235  72 

11  26 

1,009  98 

1,384  74 

244  91 

1,520  91 

3,646  94 

1,312  76 

656  28 

1,503  18 

5,683  85 

467  83 

49  10 

69  47 

Receipts. 


Apportion- 
ment. 


364  40 

1,665  60 

1,193  35 

6,248  36 

46,884  54 

122  58 

563  24 

1,131  44 


S85,172  22 
16  68 


$85,155  54 


$136  92 


716  85 


12  52 


25  20 


130  40 


109  55 


84,024  10 


$85,155  54 


$85,155  54 


$4,200  00 

900  GO 

1,500  00 

2,800  00 

1,300  00 

250  00 


100  00 

1,500  00 

1,150  00 

200  00 

2,200  00 

125  00 

3,500  00 

400  00 

1,500  00 

4,265  11 

1,100  00 

50  00 

400  00 

100  00 

100  00 

100  00 

1,550  00 

1,600  00 

3,859  89 

47,300  00 

150  00 

1,100  00 

$83,300  00 


1  Includes  State  Smith-Lever  fund. 


